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The  Director's  Report 


The  1957  annual  report  of  the  National  Institute  of  Neurological 
Diseases  and  Blindness  contains  the  Director's  Report,  the  Reports  of 
the  Chief  of  the  Extramiiral  Programs,  Dr.  Gordon  Seger,  the  Annual  Report 
of  the  Clinical  Director,  Dr.  G.  Milton  Shy,  and  the  Annual  Report  of  the 
Director  of  Basic  Research,  Dr.  Robert  B.  Livingston.  Dr.  Livingston 
assumed  this  post  a  year  ago,  replacing  Seymour  S.  Kety,  who  was  the 
architect  and  director  of  this  program  during  its  first  five  years.  Upon 
his  own  request.  Dr.  Kety  has  returned  to  a  more  active  role  in  research 
as  the  Chief  of  the  Laboratory  of  Clinical  Science  of  the  National 
Institute  of  Mental  Health. 

These  two  reports  by  Doctors  Shy  and  Livingston,  supplemented  by 
reports  from  branch,  laboratory,  and  section  chiefs,  speak  for  themselves 
and  need  no  further  commentary  other  than  to  reaffirm  that  1957  was  a 
most  productive  year  for  the  consolidation  and  implementation  of  the 
growing  frontiers  of  research  directed  to  the  wide  spectrum  of  both  basic 
and  applied  problems  which  face  the  scientific  staff  of  NINDB. 


APPOINTMENT  OF  DR.  MASLAND 

In  1957^  the  Institute  was  fortunate  in  procuring  as  Assistant 
Director,  Doctor  Richard  L.  Masland,  who,  previously,  \/as  Professor  of 
Psychiatry  and  Nexirology  (in  charge  of  Neurology)  at  the  Bowman  Gray 
School  of  Medicine.  Besides  being  a  neurologist  and  a  neurophyslologist 
of  national  distinction.  Dr.  Masland  recently  made  a  world-wide  survey  of 
research  going  on  in  mental  retardation  and  thus  acquired  a  unique 
experience  ■vrtilch  is  proving  its  value  in  his  developaent  of  the 
Institute's  collaborative  project  in  Cerebral  Palsy  and  other  neurological 
and  sensory  deficits  of  early  life. 

In  this  collaborative  project,  now  administered  through  the  Office 
of  the  Director,  the  Institute  serves  as  a  central  laboratory  and  bio- 
statistical  integrative  center  for  the  collection,  correlation,  and 
evaliiation  of  data  obtained  by  thirteen  collaborating  medical  centers. 
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A  further  development,  during  195T>  of  the  supporting  arm  of  this 
program  was  the  establishment  of  a  Biometrics  Branch  in  the  Office  of  the 
Director,  to  serve  as  a  focal  statistical  coordinating  agency  for  the 
Institute's  collaborative  field  investigations  and  a  consulting  service 
for  its  intramural  projects.  The  closely  related  Epidemiology  Bremch, 
which  was  transferred  to  the  Office  of  the  Director  in  1957,  has  con- 
tinued its  basic  program  of  collecting  and  evaluating  epidemiologic  data 
in  selected  neurological  and  sensory  disorders. 


DEVELOPMEMT  OF  THE  COLLABORATIVE  COKCEPT 

Since  last  year,  eleven  outside  institutions  have  joined  the 
collaborative  project  in  Cerebral  Palsy  and  other  neurological  emd 
sensory  casualties  of  the  perinatal  period;  so  that  there  are  now 
thirteen  collaborating  medical  centers  ajid  over  I50  physicians,  scientists, 
and  technologists  all  actively  engaged  in  this  program.  The  first 
experimental  counterpart  of  this  program  is  the  NIMDB  Laboratory  of 
Perinatal  Physiology  in  San  Juan  where  studies  in  experimental  cerebral 
palsy  and  mental  retardation  are  being  pursued,  the  supply  of  animal 
material  coming  fran  the  Institute's  colony  of  free -ranging  macaques  on 
an  off-shore  islajad  of  Puerto  Rico. 

There  are  two  imique  features  of  this  collaborative  study.  First, 
it  requires  an  extremely  close  cooperation  among  the  several  institutions 
involved.  Equally  important,  however,  is  the  fact  that  this  is  a  study 
involving  majiy  kinds  of  specialists.  Within  each  institution,  there  are 
ten  to  fifteen  different  areas  of  scientific  interest  represented.  The 
program  is  providing  a  powerful  influence  for  cutting  across  scientific 
boundaries  and  for  encouraging  an  exchange  of  techniques  and  information 
on  many  scientific  levels. 

The  impact  of  this  collaborative  study  has  already  extended  far 
beyond  the  study  itself  through  its  affect  on  members  of  the  obstetrical, 
pediatric,  and  neurological  disciplines.  They  are  beccaning  increasingly 
aware  of  the  importance  of  this  phase  of  medicine.  This  awareness  is 
reflected  in  part  by  the  greater  number  of  applications  for  Special 
Traineeships  in  pediatric  neurology.  The  collaborative  study  is  thus 
providing  a  valuable  stimulus  toward  the  attainment  of  aja  important 
mission  of  this  Institute  -  that  of  focusing  more  attention  on  the 
importance  of  nevirological  and  sensory  disorders  of  infancy  and  child- 
hood, a  long  neglected  field. 
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THE  KINDB  CONFERENCES 

Many  other  Institute  activities  in  1957  testify  to  the  inter- 
animation  of  its  growing  research  frontiers  and  to  the  gradual  achieve- 
ment of  a  closer  scientific  interrelationship  vith  the  research 
activities  of  the  "outside  world",  both  in  this  coimtry  and  abroado 
The  NIHDB  conferences,  for  example,  are  now  hallmarks  in  neurological 
and  sensory  disease  research »  These  conferences,  eagerly  attended  by 
exj^rts  of  many  disciplines  from  many  parts  of  the  world,  are  designed 
to  concentrate  at  a  point  some  urgent  problem;  to  determine  Just  what 
is  currently  known  about  the  problem;  and  to  outline  new  premising 
avenues  for  research  in  the  light  of  our  present  knowledge o  The 
proceedings  of  all  these  conferences  are  published  as  monographs o 

Five  HINDB  conferences  were  held  in  Bethesda  in  1957 »  Among 
them  was  a  conference  on  the  process  of  aging  in  the  nervous  system;  a 
symposium  on  experimental  allergic  encephalcanye litis  and  its  relation 
to  other  diseases  in  man  and  animals;  a  conference  on  the  sequelae  of 
arthropod-borne  encephalitides;  and  a  conference  on  the  treatment  of 
intracranial  aneurysms  and  subarachnoid  bleeding.  ^Also,  the  Second 
International  Colloquium  on  Temporal  Lobe  Epilepsy  was  held  under  NINDB 
auspices  in  Bethesda,  March  21-23,  1957 «  The  transactions  of  this  NINDB 
colloquium  was  the  central  theme  for  the  scientific  sessions  at  the 
Fifth  Reunion  of  the  International  League  Against  Epilepsy,  in  Brussels, 
July  21,  1957 » 


COLLABORATION  ABROAD  -  SYMPOSIA  AND  CONGRESSES 

The  consolidation  of  disciplinary  neurological  and  sensory 
research  stimulated  by  collaborative  projects  and  other  NIHDB  activities 
extended  in  1957  to  certain  international  symposia  ajid  congresses  in 
•vdiich  NINDB  had  a  fundamental  planning  function. 

The  Institute,  for  example,  was  a  participant  in  the  planning  of 
the  Anglo-American  symposium  held  in  London,  July  15 -17^  under  the 
sponsorship  of  the  Wellcome  Historical  Medical  Library,  with  the 
cooperation  of  the  National  Hospital,  Queen's  Square,  and  the  Maudsley 
Hospital.  The  subject  of  the  conference  was  "The  History  and  Philosophy 
of  the  Knowledge  of  the  Brain  and  its  Functions". 

The  scientific  program  was  organized  by  a  London  canmittee, 
chaired  by  Dr.  Macdonald  Critchley,  with  the  advice  of  a  special  United 
States  program  sub-ccanmittee  vtnder  the  chairmajiship  of  the  NINDB 
Director.  A  selected  group  (by  invitation)  of  about  seventy  neurologists^ 
psychiatrists,  medical  historians,  logicians,  and  philosophers  provided 
scenes  for  discussions  for  the  two  full-day  sessions. 


1  The  Second  International  Colloquivmi  was  a  follow-up  of  advances  made  in 
temporal  lobe  epilepsy  since  the  First  Colloquium  which  was  held  at  the 
University  of  Marseilles  in  195^° 


Following  a  welcoming  address  by  MTo  M.  W.  Perrin,  chairman  of  the 
Wellcome  Foiondation,  the  historic  exhibits  prepared  for  the  symposium  were 
officially  unveiled  by  the  American  Ambassador,  the  Rt.,  Hon.  John  Hay 
Whitney,  ■vdio  is  a  son-in-law  of  the  celebrated  brain  surgeon,  the  late 
Dr.  Harvey  Gushing. 

The  scientific  presentations  and  discussions  and  the  historic 
exhibits  highlighted  the  landmarks  of  the  growth  of  knowledge  of  the 
brain  from  classical  emtiquity  to  modern  times.  The  most  outstanding  was 
the  monumental  historical  work  by  Magoun  and  Kniger,  the  final  details  of 
which  had  been  worked  out  at  KIKDB  in  Bethesda.  The  Institute  presented 
three  other  exhibits  and  had  also  made  arrangements  for  an  exhibit  in. 
honor  of  Professor  J.  Babinski  (I857-I932),  developed  by  Professor  Auguste 
Tournay  of  Paris  to  be  forwarded  to  London  for  the  symposium  by  Dro  Robert 
Esser  of  the  U.  S.  Public  Health  Service  of  the  American  Embassy  in  Paris o 

The  concluding  ceremony  of  the  symposium  was  a  dinner  held  at  the 
historic  Apothecaries'  Hall  on  July  1?.  Here  a  toast  to  Aiaglo -American 
collaboration  in  science  was  proposed  by  Sir  Henry  Dale  and  was  responded 
to  by  the  Director,  WIKDB. 

THE  FIRST  INTERNATIONAL  CONGRESS  OF  NEUROLOGICAL  SCIENCES  (ICNS) 

Later,  (July  21-28,  1957)  in  Brussels,  NINDB  Tra.s  active  in  planning 
and  promulgation  of  the  First  International  Congress  of  Weurologieal 
Sciences,  This  congress  was  the  first  combined  meeting  of  several 
neurological  disciplines,  which  in  the  past,  had  held  independent  inter- 
national congresses.  The  groups  comprising  the  ICNS  were;  Sixth 
International  Neurological  Congress;  Fourth  International  Congress  of 
Electroencephalography  and  Clinical  Neurophysiology!  Third  International 
Congress  of  Nexiropathology;  Fifth  Reunion  of  the  International  L-eag»:ie 
Against  Epilepsyj  and  the  First  International  Congress  of  Neurological 
Surgery. 

In  this  congress  the  Director,  NINDB,  served  as  Secretary  of  the 
Committee  for  the  United  States,  handling  registrations  from  the  United 
States  and  screening  the  scientific  presentations  and  exhibits.  Others 
from  NINDB  who  presented  papers  and  participated  in  the  scientific 
sessions  of  the  Congress  were:  Doctors  Cosimo  Ajmone-Marsan,  Chief 
Electroencephalography  and  Clinical  Neurophysiology;  Leonard  To  Kurland, 
Chief,  Branch  of  Epidemiology;  and  W«  F.  Windle,  Chief,  Braxich  of  Neuro™ 
anatomical  Sciences, 

Two  thousand  three  hundred  and  eighty- seven  neurologists  and 
neurological  scientists  from  k6   different  countries  were  officially 
registered  at  the  ICNS.  The  largest  representation  by  far  came  from 
Western  Europe  (1,228),  of  which  the  greatest  number  were  from 
France  (231),  Great  Britain  (165),  Belgium  (16O),  Germany  (IU9), 
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the  Netherlands  (I36)  and  Italy  (IO9) »  The  next  largest  nxomber  came  from 
North  America;  the  United  States  {^kh) ,   Canada  (k^),   and  Mexico  (8).  From 
South  America  226  registered,  the  tvo  highest  being  from  Brazil  and 
Argentina.  There  was  a  wide  hut  small  total  representation  (I68)  from 
Eastern  Europe.  The  highest  were  from  Czechoslovakia  (52),  Poland  (51), 
and  Hungary  (22).  Six  were  registered  from  the  Soviet  Union.  Representation 
from  Asia  and  the  Orient  (80)  was  sparsely  scattered  «  .  .  .  Among  the 
disciplines  represented  at  the  Congress,  there  were  1,057  registered  in 
Neurology;  554  in  Neurological  Surgery;  k^Jk   in  Electroencephalography, 
Clinical  Neurophysiology  and  Epilepsy;  17O  in  Neuropathology;  and  I32  in 
Neuroraxiiology.  A  ccanposite  table  of  the  registrations  by  nations  and 
disciplines  is  given  in  Exhibit  I. 

The  ICNS  scientific  program,  attuned  to  the  new  trend  in  neurological 
reseeurch,  was  structured  to  promote  the  exchange  and  cross -fertilization  of 
interdisciplinary  thinking  and  of  personal  contacts.  To  attain  this  goal^ 
the  scientific  sessions  were  scheduled  as  l)  Two  days  of  plenary  sessions 
for  the  presentation  of  two  major  topics  of  common  interdisciplinary  interest 
to  members  of  all  the  constituent  congresses;  2)  Joint  symposia  organized 
by  two  or  more  of  the  constituent  congresses;  3)  Individual  synrposia 
organized  by  and  for  the  specialized  interest  of  each  constituent  congress; 
k)   A  program  of  free  consminieations  (miscellaneous  papers)  held  under  the 
auspices  of  each  constituent  congress. 

The  two  topics  of  common  interest  were  "States  of  Consciousness  in 
Neurology"  and  "Extrapyramidal  Pathology".  The  joint  and  individual 
symposia  contained  a  wide  variety  of  topics  emanating  from  the  many 
constituent  disciplines.  The  free  communications  were  presented  as  digests 
by  carefully  selected  digest  leaders. 

A  total  of  6k6   papers  were  presented  at  the  ICNS.  All  the  texts 
of  the  papers  presented  on  the  program  of  major  topics  of  ccanmon  interest 
as  well  as  texts  and/ or  abstracts  of  the  combined  symposia  and  of  the 
symposia  of  each  constituent  congress  have  been  published  as  paper-covered 
monographs  by  the  Acta  Medica  Belgica,  k3   rue  des  Champs ^Elysees,  Brussels, 
Belgium. 


INTERNATIONAL  GEOMEDICAL  CONFERENCE 

As  part  of  the  program  of  the  ICNS,  an  international  geomedical 
conference  on  neurological  disorders  was  organized  by  the  Director,  NINDB, 
and  the  Chief,  Epidemiology  Branch,  NINDB.  Forty-six  scientists  from 
sixteen  countries  attended  this  conference  to  discuss  the  status  of 
epidemiological  surveys  of  this  kind  that  are  now  underway.  The  conferees 
emphasized  the  need  for  international  cooperation  in  the  establishment  of 
imiform  criteria  for  the  analysis  of  epidemiological  data  on  neurological 
disorders  to  be  collected  in  the  future.  They  al.so  appointed  an  interim 


committee  tmder  the  chairmeinship  of  the  Chief,  Epidemiolo©r  Bremch, 
NIHDB,  to  develop  \miform  survey  criteria  suitable  for  selected  geographical 
areas.  Also  plans  were  made  for  a  second  symposium  on  gecmedical  research 
in  neurological  disorders  to  be  held  in  conjunction  with  the  next 
international  neurological  congress o 


THE  WORLD  FEDERATION  OF  NEUROLOGY 

During  the  ICNS  the  official  delegates  to  the  Sixth  International 
Neurological  Congress  convened  and  formed  a  World  Federation  of  Neurology. 
The  purpose  of  the  Federation  is  to  serve  as  a  formal  representative  body 
to  the  advancement  of  neurology  throughout  the  world,  for  the  organization 
of  the  international  neurological  congresses  and  synrposia,  and  to  serve 
as  a  liaison  body  with  federations  of  allied  disciplines  for  the  promotj.on 
of  combined  international  congresses  of  neurological  sciences.  The 
provisional  constitution  was  adopted  and  a  slate  of  officers  elected^ 
President,  Ludo  van  Bogaert  (Belgium)  j  Vice-Presidents,  Auguste  Toumay 
(France)  and  Macdonald  Critchley  (United  Kingdom);  the  Director,  NINDB 
was  elected  Secretary -General |  and  Professor  G.  Schaltenbrand  (Germany) 
was  named  chairman  of  a  committee  on  constitution  and  bylaws.  Copies 
of  the  provisional  constitution  have  been  forwarded  for  confirmation  to 
the  national  nevirological  societies  of  the  countries  represented  by  the 
delegates  in  Brussels, 


INTRA-  AND  INTERINSTITUTE  INTERRELATIONS 

Nineteen  fifty-seven  also  marked  an  ever-increasing  growth  of 
collaboration  and  scientific  interchange  between  NINDB  Clinical  and  the 
Basic  Research  Program  and  between  both  these  programs  and  those  of  other 
institutes.  As  examples,  Dr,  del  Castillo  of  the  Clinical  Neurophysiolosr 
Section,  Electroencephalography  Branch,  is  working  closely  with  Dr. 
Kenneth  S.  Cole  of  the  Biophysics  Bremch  of  the  Basic  Research  Program 
on  recordings  from  the  clamped  medullated  nerve,  Dr,  Maitland  Baldwin 
has  undertaken  prolonged  studies  with  Dr,  Mirsky,  of  NIMH,  on  the 
phychological  manifestations  of  temporal  lobe  seizures,  Drs,  Shy  and 
Tower  consult  with  Dr.  Roscoe  Brady,  of  the  Basic  Research  Program,  in 
problems  of  mutual  interest  in  lipid  chemistry,  and  with  Dr,  Karl  Frank 
on  electronic  problems.  Dr.  Shy  eund  his  group  also  are  working  in  close 
collaboration  with  Dr.  Brown  of  the  NIMH  on  labelled  Histidine,  C-lil-s,  .1^ 
relation  to  neuromuscular  disorders. 

On  an  interinstitute  level.  Dr.  Shy  has  collaborated  with 
Dr.  Jesse  Steinfeld,  of  the  NHI,  and  with  Dr.  Howard  Andrews,  of  the 
NCI,  in  relation  to  the  brain  tumor  detection  project.  Dr.  Horvath  of 
the  NINDB  Clinical  Program  meets  regularly  with  the  muscle  chemists  of 
the  NHI  and  the  NIAMD.  Dr.  Klatzo,  in  Clinical  Neuropathology,  has  been 
working  in  immunochemistry  with  Dr.  Emmart  of  the  NIAMD.  Dr.  von  Sallraann, 
Chief  Ophthalmologist,  works  very  closely  with  Dr.  Huebner  of  the  FLA.ID 
in  problems  concerning  epidemic  kerato  conjunctivitis  and  the  APC  viruses. 


These  are  but  a  few  exaoiples,  chosen  at  random,  of  the  type  of 
close  collaboration  being  fostered  between  the  Institute ' s  clinical  and 
basic  research  programs  as  well  as  the  crossing  of  the  inter institute  and 
institute  lines  -v^en  problems  of  mutual  interest  overlap.  This  type  of 
intra-  and  interinstitute  collaboration  appears  to  arise  spontaneously 
and  not  to  be  influenced  to  any  great  extent  by  categorical  administrative 
structures. 

Finally,  a  lively  spirit  of  cooperation  and  collaboration  exists 
between  the  Institute's  scientific  staff  and  local  institutions  and 
hospitals,  the  Army  and  Navy  Medical  Centers,  and  the  Mount  Alto 
Veterans  Administration  Hospital,  There  is  also  a  firm  liaison  of  the 
Institute  with  the  Physics  Division  of  the  Atomic  Energy  Commission, 


AWARDS  AM)  HONORS 

During  1957^  members  of  the  NINDB  staff  received  several  awards 
and  honorary  appointments.  At  the  Eighth  Annual  Convention  of  the 
United  Cerebral  Palsy  Association,  in  St,  Louis  (Oct,  31-Nov,  3)>  "the 
Max  Weinstein  Award,  a  silver  plaque  and  a  check  for  $1,000,  was  made 
to  William  F.  Windle,  Chief  of  the  Laboratory  of  Neuroanatonical  Sciences, 
This  award  is  made  annually  for  outstanding  achievement  in  basic  research 
related  to  cerebral  palsy. 

Miss  Shirley  A.  Lewis,  Research  Assistant  of  the  Institute's 
Surgical  Neurology  Branch,  received  a  Superior  Performance  Award  with 
a  check  for  $250,  The  commendation  stated:  "The  monetary  value --or, 
more  probably,  the  amount  of  monies  saved  by  virtue  of  Miss  Lewis ' 
technical  contributions  over  a  period  of  four  years--is  probablj"-  in 
excess  of  $2,000.  Of  course,  we  consider  her  major  contributions  to  'be 
those  of  originality  in  research.  These  cannot  be  assessed  accurately 
in  comparison  to  a  monetary  scale.  In  my  opinion,  these  several        ^ 
contributions  have  been  invaluable  to  our   research  program," 

Mr,  Frederich  Meiller  received  a  Sipecial  Act  Award,  with  a 
check  for  $200  for  his  photographic  contributions  to  the  "Atlas  on 
Muscle  Pathology"  by  Greenfield,  Shy,  and  Berg, 

Many  appointments  of  distinction  were  given  to  members  of  the 
NINDB  staff  during  1957,  Dr,  G,  Milton  Shy  has  been  appointed  a 
Vice  President  of  the  Association  for  Research  in  Nervous  and  Mental 
Disease*   Dr.  Donald  B,  Tower  of  the  Clinical  Neurochemistry  Section 
was  elected  chairman,  Section  on  Neurochemistry,  American  Academy  of 
Neurology,  I957-I959,  He  was  also  reelected  to  the  Neurology  Study 
Section,  Dr.  Richard  L.  tfesland.  Assistant  Director,  was  appointed  to  the 
Human  Embryology  and  Development  Study  Section  on  lAiich  Dr.  Windle  also 
serves.  The  Director,  NINDB,  was  appointed  Secretary  of  the  Committee 


for  the  United  States  to  the  First  International  Congress  of  Neurological 
Sciences,  irtiich  was  held  in  Brussels  in  1957-  He  also  was  elected 
Secretary  General  of  the  newly  organized  World  Federation  of  Neurology, 

Many  NIHDB  staff  members  have  staff  appointments  to  local 
universities,  as  well  as  appointments  as  consultants  to  local  universities 
and  hospitals  and  to  the  Surgeons  General  of  the  Army,  Navy,  and  Air 
Force . 


Estimated  Obligation  FY  1958 
Total:   $88,000 
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Totals  $2i|2j291 

Directs     l85sU85 

Reimbursements :  56o  806 


AIMJAL  REPORT 
Calendar  Year  1957 
Collaborative  and  Cooperative  Projects 
national  Institute  of  Nexirological 
Diseases  and  Blindness 
National  Institutes  of  Health 


Within  the  "basic  and  clinical  research  programs  of  the  Institute 
also  are  the  activities  which  participate  with  and  serve  as  a  coordina- 
tion center  or  a  central  laboratorj'-  for  the  collaborative  and  cooperative 
research  projects  which  are  undertaken  by  medical  centers.  Througli  such 
cr.1  iphorr^tive  efforts^  a  comprehensive,  multidisciplinary  attack  has  been 
orgaMzed  on  cerebral  palsy  in  which  attempts  will  be  made  to  correlate 
clinical  manifestations  and  pathological  findings  to  improve  the  classsi- 
fication^  diagnosis,  treaianent,  and  prevention  of  cerebral  palsy.  The 
experimental  study  of  perinatal  factors  leading  to  cerebral  palsy  and 
mental  retardation,  ixsing  pregnant  and  infant  monkeys,  is  underway  in 
the  joint  project  with  the  University  of  Puerto  Rico,  in  San  Juan.  A 
developmental  approach  to  the  organic  causes  of  cerebral  palsy  and  mental 
retardation,  and  other  manifestations  of  brain  damage  is  underway.  Congen- 
ital anomalies  are  produced  in  animals  by  X-ray  radiation  or  chemical  means 
at  various  stages  in  pregnancy  and  the  malformations  produced  axe  studied 
by  gross  and  microscopic  examinations.  Parallel  to  this  are  pathological 
studies  of  human  embryos,  fetuses,  and  stillbirths  obtained  from  cooperating 
hospitals  in  the  area.  A  lon^-term  study  of  the  effect  of  relaxant  drugs 
upon  involuntary  movements  and  rigidity  in  the  cerebral  palsied  has  been 
initiated. 

Similarly,  collaborative  and  cooperative  projects  concerning  cerebral 
vascular  disease,  epilepsy,  the  testing  of  neurosurgical  procedures,  deaf- 
ness, and  the  role  of  the  nervous  system  in  the  aging  process  have  also 
been  organized. 

Further  explanation  of  these  activities  is  included  in  the  Director's 
Summary,  and  in  the  Extramural  Programs'  Annual  Report;  II  Field  Investi- 
gations and  Pilot  Projects. 
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AMMJAL  EEPORT 
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Epidemiology  Branch 

National  Institute  of  Neurological  Diseases  and  Blindness 

National  Institutes  of  Health 


Summary 


During  the  Calendar  Year  1957,  the  Branch  has  continued  its  hasic  program 
of  collecting  and  evaluating  epidemiologic  data  on  selected  diseases  of 
the  nervous  system.  Th.e  program  in  neurology  has  extended  "beyond  the  initial 
demyelinating  disease  research. 

Human  genetics  and  ophthalmology  field  programs  are  being  developed  and 
we  are  working  closely  with  the  Epidemiology  Branch  of  the  Coramunicahle 
Disease  Center  in  joint  training  activities.  Hjis  year  an  Epidemic  Intelli- 
gence Service  Officer  has  teen  on  assignment  to  this  Branch, 

The   Branch  has  initiated  and  assisted  in  the  development  of  a  collabora- 
tive field  program  to  determine  whether  Asian  influenza  infection  has  some 
detrimental  effect  on  the  developing  foetus. 

In  keeping  with  its  responsibility  for  obtaining  data  on  geographic 
distribution  of  disease  particularly  for  the  proposed  symposium  on  Geomedical 
Research  of  the  Diseases  of  the  Nervous  System  (1961)  the  Branch  is  cooper- 
ating with  various  field  investigators  in  the  United  States  and  other  countries 
by  helping  to  establish  standardized  procedures  and  reporting  methods  which 
will  allow  for  broad  population  comparisons. 

1,  Diseases  of  the  Nervous  System 

The  pilot  study  carried  on  in  Rochester,  Minnesota  continues  to  provide 
data  on  nevirologieal  disorders  whidi  are  of  sufficient  interest  to  caJJ.  for 
individual  reports.  During  the  year  reports  have  been  published  or  are  in 
the  process  of  being  published  on  cerebral  palsy,  convulsive  disorders,  intra- 
cranial and  intraspinal  neoplasms,  amyotrophic  lateral  sclerosis  and  myasthenia 
gravis  (see  publication  list).  To.   conjtmction  with  the  Biometry  Branch, 
statistics  from  this  source  are  being  correlated  with  mortality  data  from 
states  and  regions  of  the  tlnited  States  and  from  a  number  of  other  countries. 

13s.e   program  in  the  iJlasriana.   Islands  continues  with  the  assignment  of  Dr. 
S,  L.  Fieper,  a  commissioned  officer,  to  the  field  station.  During  the  year 
in  ■which  Dr.  Pieper  has  been  on  this  assignment  he  has  conducted  a  number  of 
commxinity  surveys  on  the  prevalence  of  neurological  diseases  and  congenital 
deformities.  He  has  been  responsible  for  the  evaluation  of  several  therapies 
suggested  or  claimed  by  others  to  be  effective  for  amyotrophic  lateral 
sclerosis.  Regrettably  none  of  these  therapies  appears  to  be  of  value  in 
our  hands.  Br.  Pieper  is  also  assisting  Dr.  Margaret  Whiting,  Harvard  School 
of  Public  Health,  in  conducting  nutritional  studies  in  the  populations  of 
Guam  and  Saipan. 

In  the  course  of  the  studies  at  the  field  station,  a  follow-up  of  cases 
of  encephalitis  has  been  conipleted.  Tills   report  includes  a  long-term, 
detailed  follow-up  of  patients  afflicted  with  Japanese  B  encephalitis. 


The   Guam  field  station  is  cooperating  in  various  Asian  influenza 
studies.  Dr.  Pieper  has  cooperated  in  a  study  of  some  of  the  neurological 
complications  of  this  infection. 

Further  epidemiologic  studies  of  aji^jrotrophic  lateral  sclerosis  in  Guam 
and  among  the  Chamorros  in  California  have  been  conrpleted.  The  results  of 
these  studies  appear  in  two  separate  reports  and  support  the  view  that  anyo- 
trophic  lateral  sclerosis  on  Guam  is  primarily  of  genetic  origin  and  amyo- 
tro:^ic  lateral  sclerosis  in  other  parts  of  the  world  may  also  he  due  to  an 
inherited  metabolic  defect.  It  has  not  been  practial  as  yet  to  determine 
the  spontaneous  mutation  rate  for  this  disorder.  Bie  question  of  the  type 
of  metabolic  difficulty  has  been  investigated  further  but  due  to  serious 
technical  difficulties  in  gastric  mucosa  cytologic  procedures,  we  h«ve  not 
been  able  to  resolve  the  problem  of  whether  there  as'e  abnormal  gastric  cells 
in  aaiyotrophic  lateral  sclerosis  patients  as  we  have  suspected. 

In  conjunction  with  members  of  the  clinical  research  program  a  survey  of 
some  cases  of  motor  neurone  disease  stiggests  that  there  is  a  close  relation- 
ship with  the  dominant  form  of  cerebellar  ataxia,  Biis  is  based  on  the 
observation  of  interinediate  forms  by  Dr,  KLatzo  (Pathology),  and  the  obser- 
vation of  unusual  skeletal  deformities  similar  to  those  described  in 
families  with  cerebellar  ataxia  in  families  with  clinical  amyotrophic  lateral 
sclerosis  (with  Dr.  N.  C.  ^^yTianthopoulos). 

Studies  of  the  natural  history  of  multiple  sclerosis  continue.  Our  par- 
ticular interest  is  that  of  the  relationship  of  geography  and  climate  to  the 
prognosis  of  multiple  sclerosis  on  which  we  are  working  with  the  National 
Research  Council  and  the  Veterans  Administration.  A  follow-vrp  of  military 
personnel  who  developed  retrobiilbar  neuritis  during  World  War  II  has  shown 
surprisingly  few  cases  which  have  progressed  to  clinical  multiple  sclerosis. 
It  is  too  early  to  determine  whether  we  are  faced  with  some  unrecognized 
coding  error,  or  some  featxxre  of  optic  nexiritis  which  was  not  heretofore 
appreeiated. 

Oar  cooperative  effort "community  surveys  of  selected  neurological  disorders 
(Senior  Assistant  Surgeon  Milton  Alter)"With  the  Medical  College  of  South 
Carolina  in  Charleston  and  Dalhousie  University,  Halifax,  is  nearing  comple- 
tion. Preliminary  reports  have  been  made  to  the  local  medical  societies;  the 
complete  report  should  be  available  by  the  end  of  1958. 

2.  Genetics 

In  September,  Dr.  N.  T,  l^ianthopoulos,  a  human  geneticist,  joined  the 
staff.  It  is  hoped  that  his  appointment  represents  the  nucleus  of  a  futtire 
genetics  section. 

A  study  has  been  undertaken  jointly  by  the  geneticist  and  the  Laboratory 
of  Blood  and  Blood  Products  Division  of  Biological  Standards,  N.I.H.,  to 
determine  whether  or  not  there  is  a  preponderance  of  a  blood  group  in  amyo- 
trophic lateral  sclerosis  patients.  It  has  been  reported  that  certain  blood 


groups  predominate  in  patients  with  gastric  carcinoma  and  peptic  tilcer.  It 
has  been  hypothesized  that  specific  imicopolysaccsirides  present  in  red  cells 
and  intestinal  epithelial  cells  may  produce  some  as  yet  unrecognized 
intrinsic  factor  in  anyotrophic  lateral  sclerosis. 

Tte  geneticist  is  also  developing  a  plan  to  evaluate  abnormal  lytiphocytes 
in  cerebroretinal  degeneration  of  infancy  and  childhood.  He  is  also  develop- 
ing a  coimseling  program  both  here  at  the  NINDB  and  at  one  of  the  local 
medical  schools.,  To  date  the  program  at  the  WIKDB  has  progressed  slowly.  It 
is  es^eeted  that  following^^a  intensive  series  of  lectures  and  discussions  on 
human  genetics  aaid  eouseliag^  the  value  of  this  service  may  be  recognized 
and  utilized  by  clinical  personnel. 

Dk".  2<tyrianthopoalos  continues  a  study  of  concordance  in  twins  for 
multiple  sclerosis  which  was  initiated  prior  to  his  joing  the  Branch. 


Only  a  limited  field  program  on  ophthalmologic  disorders  has  been  undertaken; 
i.e.^  ^aucoma  statistics  in  a  community  survey  and  evaluation  of  the  "Phos- 
phenator"  in  glaucoma  detection.  (Uie  apparatus  proved  to  be  a  fallxire  in 
our  hands. ) 

Hie  development  of  a  balanced  program  in  ophthalmology  has  been  delayed 
pending  the  appointment  of  an  epidemiologist  with  special  background  in 
ophthalmology . 

4.  Other  Studies 

Dr.  Pieper  is  initiating  a  program  on  toxoplasmosis  in  Micronesia  (in 
cooperation  with  Dr.  Leon  Jacobs,  WIAID) .  Biere  is  apparently  a  hi^  incidence 
of  choreoretinitis  in  some  of  these  island  populations. 

Hie  Ear'anch  continues  in  its  development  of  the  program  on  Geomedical 
Eesearch  for  the  September  I96I  meeting  of  the  Biternational  Congress  of 
Netirolo^.  It  is  hoped  that  conrparative  statistics  on  diseases  of  the  nervous 
system  will  be  available  from  four  cities  in  the  United  States  and  Canada, 
two  cities  in  Japan^  one  city  in  the  Middle  East  and  two  cities  in  Australia 
(the  latter  now  in  the  early  discussion  stage)  ==  studies  in  which  the  Branch 
will  have  some  direct  or  consultative  activity. 

Tb.e   S^idemie  Intelligence  Service  Officer  (Dr.  Howard  Siedler)  on  assign- 
ment from  the  Communicable  Disease  Center  has  had  a  brief  period  of  training 
in  clinical  nsurology  and  has  been  engaged  in  an  epidemiologic  study  of 
polionBrelities  in  Washington,  D.  C.  He  will  soon  conduct  a  follow-up  of 
several  areas  with  reported  high  incidence  of  mroltiple  sclerosis.  He  has 
been  in  charge  of  the  technical  arrangements  for  the  Asian  influenza  study 
in  which  the  Bi°anch  is  participating. 


5.  CSaanges  emd  ItcprovementSj  Problems  and  Future  Objectives 

Aside  from  the  unfortunate  move  to  Silver  Spring,  which  was  later 
corrected^  no  major  problems  were  encountered  during  the  year.  Die  transfer 
of  the  office  back  to  the  N.  I.H.  Reservation^,  under  the  Office  of  the  Direc- 
tor, represents  a  condition  which,  I  believe,  can  only  result  in  improvement 
in  the  program  of  this  Branch. 

Tb.e   course  of  the  Br'anch  for  the  next  year  seems  reasonably  clear.  We 
eaepect  to  complete  a  n^!mber  of  neurological  and  genetics  projects  mentioned 
above  I  we  shall  eactend  our  search  for  basic  epidemiologic  information  for 
other  disorders  of  the  nervous  system  as  time  and  personnel  allow.  We  shall 
pursue  suitable  leads  of  a  definitive  nature  as  these  are  called  for  on  the 
basis  of  the  results  of  our  basic  epidemiologic  investigations. 

It  is  felt  that  the  development  of  a  genetics  section  will  be  hi^ily 
desirable  and  the  acquisition  of  an  ophthalmologic  epidemiologist  will 
assure  the  development  of  a  new  program  in  this  field. 


Leonard  T.  Kurlajid,  M.  D. 


PUBLICATIONS  AND  AWARDS 


1.  Kvrland,  L.T,  -  Definitions  of  Cerebral  Palsy  and  Their  Role  in 

Epidemiologic  Research.  Neijrology,  Vol.  7*  No,  9*  September  1957 

2.  Kttrlandj  L.T.,  and  Tatib,  Robert  G.  -  The  Freqviency  of  Glavaoma  in  a 

Small  IFrban  Gommijnity.  American  Journal  of  Ophthalmology,  Vol,  U2, 
No.  hs   pp.  539-5iiU,  April  1957 

3.  Torres,  J.,  Iriarte,  L.L.G.,  and  Kurland,  L.T.  -  Amyotrophic  Lateral 

Sclerosis  Among  Giiamanians  in  California.  California  Medicine, 
Vol.  86,  No.  6,  pp.  385-388,  Jvine  1957 

h»      Kurland,  L.T.  -  Epidemiologic  Investigations  of  Amyotrophic  Lateral 

Sclerosis.  III.  A  Genetic  Interpretation  of  Incidence  and  Geographic 
Distribution.  Proceedings  of  the  Staff  Meetings  of  the  Mayo  Clinic, 
Vol.  32,  No.  19,  pp.  UU9-U62,  August  1957 

5.  Kurland,  L.T.,  Sachs,  David,  Kerpelman,  Larry  and  Davis,  F.  Sterling 

(Capt.  M.C,  U.S.A.)  -  Evaluation  of  the  "Phosphenator'*  Device  for 
Glaucoma  Detection.  (American  JoTirnal  of  Ophthalmology  -  in  press) 

6.  Kurland,  L.T.  -  The  Frequency  of  Intracranial  and  Intraspinal  Neoplasms 

in  the  Resident  Population  of  Rochester,  Minnesota,  (Jovrnal  of 
Neurosurgery  -  in  press) 


REPOBIS  (unpublished,  at  present) 

7.  Kurland,  L.T.  -  The  Incidence  and  Prevalence  of  Convulsive  Disorders 

in  a  Small  Urban  Community 

8.  Pieper,  Samtiel  J.L,  and  Kurland,  L.T,  -  Seqvielae  of  Encephalitis 

9.  Kurland,  L.T.  and  Myrianthopoulos,  N,C,  -  Skeletal  Anomalies  Associated 

with  Motor  Neuron  Diseases 

10,  Allison,  N.  and  Pieper,  S.J.L.  -  Peripheral  Neuritis  as  a  Complication 

of  Asian  Influenza 

11,  Kurland,  L.T.  -  The  Frequency  of  Jtyasthenia  Gravis  -  A  Preliminary 

Appraisal 

ELECTED  TO  MEMBERSHIP; 

1,  Royal  Society  of  Health,  London  (Dr.  Kurland) 

2,  Associate  Member,  American  Neurological  Association  (Dr.  K\jrland) 
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ANNUAL  REPORT 
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National  Institutes  of  Health 


The  Biometrics  Branch  was  established  on  January  28,  1957, 
■with  the  appointment  of  the  Chief  of  the  Branch. 

During  the  early  months  of  the  Branch's  existence  there  was 
considerable  planning  of  program,  functions  and  activities.   The 
broad  program  of  the  Branch  as  currently  envisioned  will  concern 
itself  with  the  Branch's  role  in  (1)  serving  as  the  focal  statisti- 
cal coordinating,  processing,  tabulating  and  analytical  agency  for 
prospective  collaborative  studies  dealing  with  the  etiology  of 
neurological  and  sensory  disorders;  (2)  coordinating  and  acting  in 
consulting  capacity  to  a  series  of  controlled  retrospective  studies 
designed  to  uncover  etiological  agents  in  neurological  and  sensory 
disorders;  (3)  developing  a  program  for  the  collection,  analysis 
and  interpretation  of  statistical  data  relating  to  the  prevalence 
and  incidence  of,  and  mortality  from  neurological  and  sensory  dis- 
orders; (4)  designing  and  implementing  studies  of  various  biological, 
genetic,  and  environmental  factors  as  they  relate  to  prevalence  and 
incidence  rates  of  such  disorders  and  (5)  providing  statistical  con- 
sultation, upon  request,  to  laboratory  and  clinical  investigators  of 
disorders  mentioned  above,  at  the  National  Institutes  of  Health  and 
elsewhere,  concerning  study  designs,  size  of  sample  populations 
needed,  methods  of  collection,  tabulation  and  analysis  of  data  of 
proposed  studies. 

One  of  the  important  functions  of  the  Branch  is  to  act  as  a 
central  statistical  agency  of  the  Collaborative  Study  of  Cerebral 
Palsy  and  Other  Neurological  and  Sensory  Disorders  of  Infancy  and 
Childhood  which  will  investigate  the  relationship  between  factors 
and  conditions  affecting  parents  and  the  occurrence  and  course  of 
abnormalities  in  their  offspring.   Almost  from  its  very  beginning 
the  Branch  was  heavily  involved  with  the  planning  of  objectives, 
study  design  and  method  of  collecting  data  in  connection  with  this 
project  which  encompasses  the  cooperation  of  numerous  disciplines 
on  a  multi-institutional  level.   These  disciplines  include  obstet- 
rics, pediatrics,  pathology,  neurology,  psychology,  psychiatry, 
genetics,  biostatistics,  to  mention  a  few. 

The  Branch  Chief  has  attended  meetings  of  the  project's 
Advisory  Board,  Ad  Hoc  Review  Board,  Project  Directors,  Genetics 
Committee,  Obstetricians'  Working  Group,  Pediatricians'  Working 
Group,  Growth  and  Development  Working  Group,  and  Biostatistics 
Committee.   In  addition,  he  has  served  on  several  occasions  as 
member  of  a  committee  designated  to  make  project  site  visits  in 
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connection  with  applications  of  universities  and  other  agencies  to 
participate  in  the  prospective  collaborative  study  or  in  some 
ancillary  capacity.  The  Branch  has  worked  with  the  obstetricians 
on  the  study  in  the  statistical  handling  of  obstetrical  code  sheets 
devised  by  an  obstetrical  subcommittee  and  pretested  by  a  majority 
of  institutions  participating  in  the  study.   As  a  result  of  a  review 
by  Branch  staff  of  such  completed  code  sheets,  a  number  of  problems 
were  delineated  dealing  with  code  inadequacies,  misinterpretation 
and  ambiguities  of  items.   This  review  was  a  factor  in  the  decision 
of  the  Biostatistics  Committee  in  recommending  that  code  sheets 
should  not  be  used  to  collect  information  in  this  project. 

The  Biometrics  Branch  cooperated  with  the  Biostatistics 
Committee  in  working  up  the  objectives  and  study  design  of  the 
project  which  were  subsequently  given  tentative  approval  by  the 
Project  Directors. 

As  the  preliminary  data  sheets  are  devised,  discipline  by 
discipline,  the  Biometrics  Branch  will  work  them  up  into  format 
suitable  for  statistical  processing.   After  a  6-months  experience 
in  pretesting  such  data  sheets,  it  is  anticipated  that  final  re- 
visions will  be  undertaken.   The  Branch  will  have  a  field  staff  of 
roving  statisticians  who  xflill  maintain  liaison  between  the  collabo- 
rating institutions  and  the  central  office  to  the  end  that  the 
uniform  methodology  and  procedure  of  the  study  design  are  satisfied, 
that  the  data  are  collected  uniformly,  and  that  errors,  ambiguities, 
and  omissions  in  data  are  detected  at  the  institution  level  insofar 
as  possible.  These  field  personnel  will  also  be  of  assistance, 
upon  request,  to  the  institutions,  in  statistical  consultation  on 
questions  relating  to  ancillary  projects. 

As  an  offshoot  of  the  Cerebral  Palsy  study  a  proposed  col- 
laborative prospective  Asian  Flu  study  is  to  be  carried  out  by  a 
number  of  institutions  participating  in  the  Cerebral  Palsy  study, 
as  well  as  by  a  number  of  non-participating  institutions.   Its 
purpose  is  to  ascertain  the  relationship  between  Asian  Flu  infection 
during  pregnancy  and  the  occurrence  and  course  of  neurological 
sequelae  in  the  offspring.   This  study  will  involve  the  Biometrics 
Branch  as  the  central  statistical  agency. 

The  program  of  the  Biometrics  Branch  envisions  the  coordina- 
tion and/or  conduct  of  a  series  of  controlled  retrospective  studies 
dealing  with  the  etiology  of  neurological  and  sensory  disorders. 
It  is  believed  that  from  such  studies,  conducted  quickly  and  in- 
expensively, there  may  come  a  series  of  promising  clues  which  can 
be  tested  further  in  prospective  investigations.   It  is  proposed 
that  these  studies,  modelled  somewhat  after  the  several  studies 
conducted  by  Pasamanick  and  Lilienfeld  in  Baltimore,  be  undertaken 


whenever  possible  in  those  communities  where  the  institutions  par- 
ticipating in  the  prospective  collaborative  study,  mentioned  above, 
are  located.   Additional  studies  may  be  made  utilizing  copies  of 
punch  cards  of  all  births,  purchased  by  contract,  from  cooperating 
State  Health  Departments.  Contact  has  been  made  with  the  Children's 
Bureau  in.  order  to  determine  what  their  interest  may  be  in  this 
area.   It  has  been  gratifying  to  note  that  the  Children's  Bureau 
has  shown  enthusiasm  for  the  proposal  and  has  agreed  to  furnish 
through  their  field  personnel  whatever  assistance  may  be  necessary 
in  "smoothing  the  way''  to  cooperation  with  State  personnel.   They 
have  also  designated  their  Chief,  Research  Interpretation  Branch, 
Division  of  Research,  as  liaison  to  consult  with  the  Biometrics 
Branch  staff  on  these  studies  whenever  desirable  or  necessary. 

To  date  the  energies  of  the  Branch  have  been  directed  to  the 
aspects  of  the  program  mentioned  above.   With  an  increase  in  staff 
it  is  expected  that  other  aspects  of  proposed  Branch  activities  re- 
lating to  developing  a  program  for  the  collection  of  statistical 
data  on  prevalence,  incidence  and  mortality  due  to  neurological  and 
sensory  disorders,  will  be  approached.   It  is  also  hoped  that  a  pro- 
gram to  design  and  implement  studies  to  investigate  the  relationship 
of  prevalence,  incidence  and  mortality  of  such  disorders  due  to 
various  biological,  genetic  and  environmental  factors  will  be  under- 
taken cooperatively  with  the  Institute's  Epidemiology  Branch. 

The  Biometrics  Branch  has  furnished  statistical  consultation 
and  assistance  to  investigations  undertaken  by  the  Epidemiology 
Branch,  Opthalmology  Branch,  and  Surgical  Neurology  Branch  of  the 
Institute.   In  addition,  consultation  has  been  given  to  investiga- 
tors at  the  Medical  College  of  South  Carolina  and  at  Georgetown 
University.   Evaluation  of  the  study  designs  and  merits  of  several 
projects  submitted  for  research  grants  to  the  Office  of  Vocational 
Rehabilitation  and  to  the  Easter  Seals  Research  Foundation  has  also 
been  rendered  at  the  request  of  the  Director  of  the  Institute.   It 
is  believed  thatj  as  the  Branch  grows  and  as  knowledge  of  availability 
of  statistical  assistance  becomes  widespread,  there  will  be  increased 
utilization  of  its  services. 

The  Branch  Chief  is,  at  present,  a  member  of  the  following 
committees  or  acts  as  the  Institute  liaison  to  them  and  thus  is  a 
channel  of  communication  whereby  problem  areas  in  the  neurological 
field  become  known  to  the  Branch,  and  whereby  the  Branch's  field  of 
interest  and  activity  become  known  to  other  investigators: 

Statistical  Advisory  Committee  to  ''A  Study  of  Use  of 
Statistics  on  Maternity  and  Newborn  Infant  Care 
in  Hospitals . " 
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Advisory  Committee  on  Epidemiology  and  Biometry 
(NINDB  -  Liaison) 

Committee  on  Nomenclature  and  Biometrics  of  the 
American  Academy  of  Neurology 

Ad  Hoc  Advisory  Group,  NIH  Center  for  Aging  Research 
(NINDB  -  Liaison) 

Ad  Hoc  Committee  on  Mental  Retardation  of  NIMH 

Task  Force  on  Problems  of  Equity  in  the  Formula  by 
I'Jhich  Educational  Materials  are  Made  Available 
to  Blind  Pupils  Through  the  American  Printing 
House  for  the  Blind 

NIH  Advisory  Committee  to  National  Health  Survey 
(NINDB  -  Liaison) 

NINDB  Ad  Hoc  Committee  on  Program  Analysis 

The  Branch's  budget  for  fiscal  1958  included  8  positions  (5 
professional-statistical  positions  and  3  clerical-stenographic 
positions) .   To  date  2  of  the  5  professional  positions  have  been 
filled,  with  negotiations  under  way  for  2  of  the  remaining  3  posi- 
tions.  All  of  the  three  clerical-stenographic  positions  have  been 
filled.   Efforts  at  recruitment  are  steadily  being  made.   It  is 
expected  that  an  additional  5  professional  positions  and  3  clerical- 
stenographic  positions  beyond  the  budget  given  above,  will  be  needed 
before  the  end  of  fiscal  1958  as  the  prospective  collaborative 
Cerebral  Palsy  Study  gains  momentum. 


NATIONAL  INSTITUTE  OF  NEUROLOGICAL  DISEASES  AND  BLINDNESS 

■Research 

Publications  and  Reports  Section 

Estimated  Obligations  for  FY  1958 

Totals    185,536 

Direct!  65,500 

Reimbursements:     20,036 


ANNUAL  REPORT 
Calendar  Year,  1957 
Publications  and  Reports  Section 
National  Institute  of  Neurological  Diseases  and  Blindness 
National  Institutes  of  Health 


The  195?  calendar  year  has  seen  a  considerable  broadening  and 
diversification  of  the  activities  of  the  Publications  and  Reports  Section 
as  ccrapared  to  prior  years.  This  development  has  been  primarily  conditioned 
by  the  growth  of  the  Institute's  program,  the  expansion  of  the  Section's 
responsibilities,  and  the  development  of  stmdry  public  relations  problems* 
Most  of  the  latter  have  been  brought  on  by  the  Institute's  growth,  economic 
developments  and/or  by  changing  relationships  among  the  voluntary  groups 
in  the  neurological  and  sensory  disease  field. 

The  year  has  seen  an  increase  not  only  in  the  production  of  in- 
formational materials  directed  to  the  media  and  external  audiences  bub 
also  in  the  amount  and  variety  of  internal  documents  which  the  Section 
has  been  called  upon  to  develop.  There  has  thus  been  considerable  emphasis 
on  the  development  of  speech  texts  for  Congressmen,  the  Secretaiy  and 
variote  other  Departmental  officials  as  well  as  on  reports  exclusively 
directed  to  internal  use  at  NIH  and  at  the  Departmental  level. 

The  exhibit  program~i.e.,  exhibits  of  both  the  scientific  and 
the  broader  program  type~was  expanded  during  the  year,  five  new  exhibits 
being  produced,  a  sixth  reaching  the  preliminaiy  design  stage,  and  a 
seventh  undergoing  repairs  and  revisions.  The  nianber  of  scientific  meet- 
ings at  which  exhibits  were  shown  also  increased. 

The  weekly  report,  which  is  forwarded  to  the  NIH  Director  by  the 
Institute  Director  every  Wednesday,  was  revised  early  in  the  year  so 
that  its  en5)hasis  was  on  research  developments  rather  than  on  scientific 
meetings  and  minor  program  developments.  This  change  is  of  considerable 
significance  inasmuch  as  the  weekly  report  is  serving  as  a  basis  for  such 
key  documents  as  the  Highlights  of  Research,  1957  and  the  testimony  of 
the  Institute  Director. 

Public  relations  problems  faced  l^  the  Institute  were~in  many 
ways — typical  of  those  which  one  might  anticipate  in  connection  with 
any  relatively  new  and  expanding  program  particularly  where  considerable 
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emphasis  was  being  given  to  the  cooperation  cr  collaboration  of  private, 
non-profit  research  centers*  Other  such  problems  involved  the  handling 
of  media  queries  relative  to  "special"  clinical  cases  and  the  queries 
generated  by  the  fact  that  an  increasing  number  of  voluntary  agencies 
in  the  neurological  and  sensory  disorder  field  are  competing  for  public 
funds.  These  and  othsr  piiblic  relations  matters  will  be  discussed  in 
more  detail  below. 

Early  in  the  year,  the  Section  chief  served  in  an  advisory  capacity 
in  the  review  and  discussion  of  a  proposed  film  script  directed  to  the 
lay  public  and  concerned  with  the  nature  and  objectives  of  the  NINDB- 
sponsored  nationtri.de  collaborative  study  of  cerebral  palsy,  mental  retardation 
and  related  disorders.  An  NIND6  grant  has  since  been  made  to  Brown  University 
for  the  production  of  such  a  film.  A  major  production,  the  film  is 
tentatively  set  for  completion  late  in  January,  1958. 

During  the  past  year,  the  Publications  and  Reports  staff  has  been 
increased  from  5  to  7  persons,  the  two  additional  employees  being  a  senior 
writer  and  a  clerk-tjrpist.  Both  of  these  "additions"  joined  the  staff 
at  mid=year.  Though  the  P  and  R  workload  is  STofficientJy  heavy  to  merit 
some  increase  in  the  professional  staff,  the  budgetary  situation  during 
the  next  fiscal  year  will  be  an  important  factor  in  determining  whether 
such  an  increase  is  feasible. 
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This  program  "as  initiated  in  fiscal  yeeir  1957  to  provide  specific 
training  for  personnel  in  NINDB  who  needed  particular  training  so  as  to 
provide  understandings  and  skills  not  available  in  NINDB.  Cvirrently  we 
are  supporting  the  training  of  one  medical  officer  as  an  epidemiologist. 
Two  other  applications  for  training  outside  the  service  are  in  process. 
One  concerns  an  epidemiologist  whom  we  believe  should  receive  one  year 
of  clinical  neurology  training;  the  other  is  a  medical  officer  whom  we 
'MiSP  to  jive  a  year  of  training  in  a  chemistry  laboratory.  Several  short- 
term  training  courses  in  research  specialties  were  also  undertaken. 


Estimated  Obligations  for  FY  1958 

Total:  $20,500 

Direct:      20,500 

Re  imbur sement  s :     0 
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Extramural  Programs 


Research  Grants 

Field  Investigations  and 

Pilot  Projects 
Graduate  Training  Grants 
Special  Trainee ship  Program 
Research  Fellowships 
Review  and  Approval 


Estimated  Obligations  for  FY  19.58 

$7,750,000 

3,000,000 
3,500,000 
1,000,000 

500,000 

357,000 


MMJAL  REPORT 

Calendar  Year,  1957 

Extramural  Programs  Branch 

National  Institute  of  Neurological 

Diseases  and  Blindness 

National  Institutes  of  Health 

I  RESEARCH  GRANTS 


1.  Program  developments 

A  considerable  increase  in  budget  allowed  a  general  expansion  of  the 
research  effort  on  practically  all  aspects  of  neurological  and  sensory- 
diseases  as  Tirell  as  increased  enrphasis  on  fundamental  studies.  Although 
the  amoxint  of  funds  awarded  for  all  facets  of  research  increased,  expansion 
in  certain  specific  areas  is  worthy  of  mention. 

During  the  year,   research  on  general  metabolic  and  deficiency  dis^ 
orders  increased  by  almost  70  per  cent.  This  expansion  is  believed  to  be 
due  to  the  increased  awareness  of  the  value  of  the  neurochemical  and 
neiirophanna-cological  approach  to  solving  some  of  the  most  perplexing 
neurological  problems =  A  like  increase  in  research  on  injury  to  the  ner- 
vous systei.i  from  various  causes  other  than  trauma  was  registered. 

Research  into  the  disorders  of  vision,  which  in  previous  years  had 
remained  fairly  stable  increased  by  over  60  per  cent.  The  major  portion 
of  this  increase  is  attributable  to  renewed  efforts  to  solve  problems  in 
retinopathy,  uveitis,  and  keratitis. 

"By   far  the  greatest  expansion,  however,  was  registered  in  disorders 
of  hearing  and  balance.  To  be  sure,  very  little  research  in  proportion 
to  the  importance  of  this  subject  was  being  done  in  this  area  previous  to 
1957*  Research  grant  support  in  195^  amoimted  to  slightly  less  than 
$200,000.  Nevertheless,  an  increase  to  $600,000  in  1957,  or   over  300  per 
cent,  is  significant  under  any  term  of  reference.  It  indicates  a  general 
awakening  and  realization  of  the  gains  to  be  made  by  research  in  the  entire 
hearing  and  speech  field. 

2.  Contributions  res\U.ting  from  partieiilar  awards 

It  is  difficult  and  not  a  particularly  valid  procedure  to  pick  out 
certain  studies  that  happened  to  experience  and  report  a  fruitful  period 
of  research  during  1957*  Unknown  to  us  at  this  time,  seemingly  routine 
additions  to  research  knowledge  gained  from  fundamental  studies  may  later 
prove  to  be  the  "break  through"  that  triggers  the  conquest  of  a  host  of 
related  disorders.  Additionally,  reports  which  on  the  surface  seem  to  be 
valid  may  fail  of  corroboration  by  other  investigators.  Also,  therapeutic 
measures  or  techniques  proved  to  be  of  considerable  value  tinder  rigidly 
controlled  conditions  may  later  prove  to  be  of  little  merit  from  a  prac- 
tical standpoint.  With  such  limitations  in  mind,  however,  a  large  number 
of  projects  coiold  be  cited  as  relatively  productive,  a  few  examples  of 
which  are  provided. 


One  of  the  most  productive  projects  is  the  study  of  phamiacological, 
physiological  and  therapeutic  aspects  of  convulsive  disorders  under  the 
direction  of  Dr.  Louis  Goodman  at  the  University  of  Utah  School  of  Medicine. 
This  project  has  heen  supported  by  NIM)B  since  August  1953 »  It  is  a 
broadly  conceived,  long-term,  raulti-dimensional  study  of  normal  and  ab- 
normal brain  function,  and  the  effects  of  drugs  thereon. 

Research  findings,  published  in  more  than  50  papers  and  abstracts  to 
date,  have  elucidated,  for  example,  (l)  the  basic  enzymological  and 
electrolyte  changes  accompanying  the  activity  of  several  types  of  anti- 
convulsants, (2)  the  selective  uptake  and  distribution  of  substances  by 
glial  tissue  as  a  major  factor  in  the  operation  of  the  "blood-brain 
barrier,  (3)  the  quantitative  tree   am3.n0  acid  pattern  in  the  brain  cortex 
of  the  rat,  (h)   the  distribution,  fate  and  excretion  of  C-l4  labeled 
Metrazol  and  Dilantin,  (5)  the  influence  of  drugs  and  honnones  on  the 
postictal  recovery  process,  and  the  metabolic  factors  concerned,  and  (6) 
the  relationship  between  stimulus  intensity,  seizixre  pattern,  postictal 
recovery,  and  anticonvulsaxit  drug  potency.  In  addition,  fundamental  re- 
search has  been  done  on  laboratory  an  1  Trial  s  toward  devising  a  simple  test 
for  the  detection  of  potential  physical  dependence  (addiction  liability) 
on  CNS  drugs;  new  drugs  have  been  screened  for  CKS  actiirity,  and  inter- 
actions between  drugs  have  been  studied. 

A  report  from  two  co- investigators  on  a  project  to  study  retinal 
atrophy  and  blindness  after  prolonged  light  deprivation  is  significant 
for  both  its  immediate  achievements  and  for  its  promise  of  future  contri- 
butions. Drs.  Riesen  and  Wewell  of  the  University  of  Chicago  report  that 
infant  chimpanzees  have  shown  a  gradual  and  progressive  atrophy  of  the 
ganglion  cell  layer  and  optic  nerve  after  prolonged  light  deprivation. 
They  report  that  when  these  animals  are  kept  in  total  darkness  for  three 
to  seven  months  the  atrophic  changes  can  be  arrested  and  that  th.-^x"e  is 
recovery,  either  toteil  or  complete.  If  the  animals  are  kept  in  total 
darkness  for  eighteen  months  or  longer  the  change  is  irreversible.  If 
these  findings  can  be  duplicated  in  older  animals  it  will  demonstrate  that 
neural  structures  may  under  some  conditions  be  altered  by  periods  of 
functional  inactivity.  In  addition,  other  experiments  under  this  grant 
are  being  carried  out  to  delineate  the  various  portions  of  the  visual 
pathways  in  order  to  determine  the  nature  and  specific  site  of  altered 
function. 

Reports  of  significant  progress  have  also  restilted  from  a  grant  to 
the  Massachusetts  Eye  and  Ear  Infirmary  to  support  studies  of  the  pathology 
of  congenital  deafness.  The  importance  of  this  area  of  research  is 
obvious  when  one  considers  that  over  sixteen  million  people  in  the  United 
States  have  defective  hearing  and  a  large  proportion  of  these  cases  are 
thought  to  be  of  congenital  origin. 
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Dr.  George  Keleman,  principal  investigator  on  this  study  reports 
that  contrary  to  expectations,  organs  of  the  inner  ear  of  the  animal  fetus 
are  resistant  to  damage  when  subjected  to  hypoxia.  This  finding  is  in 
contrast  to  knowledge  that  hj'poxia  produces  damage  to  the  brain  and  other 
sense  organs  of  fetuses.  The  only  explanation  of  this  difference  proffered 
at  this  time  is  that  the  inner  ear  is  relatively  avascular  and  also  develops 
relatively  independently  during  the  fetal  period  utilized  for  the  study. 

Another  project  which  has  been  extremely  productive  is  located  at 
the  University  of  Michigan  where  Drs.  Scharenberg,  Wolter^,  and  Fralick  are 
canying  on  investigations  of  the  human  eye  with  the  silver  carbonate 
method.  This  study  has  been  supported  by  this  Institute  since  1953  ^^^   in 
that  time  has  resulted  in  forty  contributions  to  scientific  literature 
appearing  in  the  leading  journals  of  this  countiy  and  in  Germany.  Among 
the  most  important  contributions  of  this  project  are:  A  more  exact  des- 
cription of  the  glia  of  the  retina  and  the  discovery  of  forms  previously 
xinknownj  thorough  investigation  of  pathologic  forms  of  the  neurons  of  the 
retina  and  of  their  processes;  a  description  of  degenerative  forms  of 
nerve  fibers  of  the  retina;  histologic  investigation  of  the  papilla  of 
the  optic  nerve  under  normal  and  pathologic  conditions:  and  discovery  of 
nerves  in  the  endothelial  layer  of  the  cornea  in  rabbis. 

3.  Major  problems  encountered 

The  only  major  problem  encountered  diiring  the  year  has  been  lack  of 
sufficient  funds  since  July  1,  1957  to  support  all  projects  undeniably 
worthy  of  support  and  important  to  continued  research  progress  in  neuro- 
logical and  sensory  diseases.  The  appropriation  for  the  period  beginning 
July  1,  1957  was  relatively  sufficient  providing  an  unprecedented  demand 
did  not  materialize.  This  was  not  the  case. 

The  June  1957  Coimcil  meeting  experienced  the  heaviest  workload  in 
the  history  of  the  Institute.  This  engendered  no  particular  concern, 
since  June  Council  meetings  are  customarily  the  heaviest.  However,  early 
in  August  it  became  apparent  that  the  number  of  applications  pending 
review  at  the  October  meeting  would  exceed  anything  experienced  heretofore. 
Since  we  had  already  made  grants  resulting  from  the  June  meeting,  paying 
down  the  priority  list  to  3^^0*  it  was  too  late  to  back  up  and  calculate  a 
more  equitable  distribution.  As  a  result,  only  those  applications  receiv- 
ing a  priority  of  200  or  less  could  be  paid  following  the  October  round 
of  meetings.  Applications  wi^bh  a  lower  priority  were  held  over  for  possi- 
ble payment  at  the  March  I958  meeting.  There  is  little  likelihood  that 
any  appreciable  number  of  these  will  be  paid,  however,  since  th  ^  number 
of  applications  pending  consideration  at  this  latter  meeting  predict  an 
over-all  backlog  of  almost  $2,000,000  going  into  fiscal  year  I958. 
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k.     Changes  and  iiaprovements  in  program 

There  has  been  no  significant  changes  in  this  program  other  than 
the  increase  in  volume  indicated  in  section  3;  and  the  increased  emphasis 
on  research  in  certain  areas  as  detailed  in  section  1. 

5.  Program  objectives  for  1958 

The  program  objective  for  1958  is  to  maintain  a  program  in  balance 
consistent  with  current  research  developments.  Whether  this  can  be  done 
will  depend  on  the  appropriation  for  fiscal  year  1959 •  A  budget  of  about 
$15,000,000  for  this  program  will  allow  the  Council  Program  Planning 
Committee  to  plan,  where  clearly  justified,  the  expansion  of  research  in 
certain  areas.  Without  an  increase  in  budget,  however,  little  flexibility 
will  exist  since  the  greater  proportion  of  funds  available  will  necessarily 
go  to  uphold  previous  commitments. 


6.  VolTjme  of  applications 


Considered 

Recommended 

Uo .     Amount 

No .      Amount 

February  I957 
Jvme     1957 
October'  1957 

17^   $2,551,250 
201    3,136,060 
199    3,563,996 

125   $1,73^)-,  995 
i4l   l,622,6h6 
130   l,668,9lii- 

Total 

574*  $9,151,306 

396*  $5,026,555 

7.  staff  assignments 

Dr.  Weissler 
Dr.  Seger 


(until  July  15,  1957) 


*Does  not  include  Field  Investigation  Projects 
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II  FIELD  INVESTIGATIONS  AND  PILOT  PROJECTS 


1.  Program  developments 

The  purpose  of  this  program  is  to  broaden  the  research  grant-in-aid 
program  "base  and  to  facilitate  the  development  where  indicated  of  epidemio- 
logical studies,  commxinity  STjrveys,  cooperative  and  collaborative  studies 
frequently  calling  for  a  m-ulti-institutional  and  multidisciplinary  approach 
and  similar  projects  both  of  a  basic  and  applied  nature.  QZhis  program  was 
initiated  late  in  195^  but  actually  did  not  get  underway  until  January  1957* 
At  present  it  consists  of  60  projects  supported  in  the  amoiint  of  about 
$2,500,000. 

In  order  to  provide  competent  review  of  applications  for  participa- 
tion in  the  collaborative  cerebral  palsy  study,  a  specially  selected  ad  hoc 
Cerebral  Palsy  Committee  was  established  at  an  early  date.  It  was  necessary 
that  this  be  done  in  order  that  such  applications,  presenting  as  they  did  a 
broad  multidisciplinary  approach,  could  have  the  benefit  of  evaluation  by 
authorities  in  the  numerous  disciplines  and  research  areas  represented  in 
this  collaborative  research  effort.  All  other  applications  were  given 
preliminary  review  by  mail  until  a  standing  committee,  the  Field  Investiga- 
tions Committee,  was  established  and  first  met  in  September  1957*  As  a 
result  of  the  establishment  of  these  two  committees,  all  applications  for 
Field  Investigation  and  Pilot  Projects  are  subjected  to  the  same  careful 
consideration  as  other  applications  for  research  support  submitted  to  the 
National  Institutes  of  Health. 

In  the  Spring  of  1957  a-  cooperative  study  of  aneurysms  and  acute 
subarachnoid  hemorrhage  was  launched.  This  study  now  involves  l8  research 
teams  in  l6  institutions,  pooling  data  in  an  attempt  to  solve  problems 
relative  to  "cerebral  stroke"  in  a  relatively  short  time. 

In  the  Fall  of  1957^  another  cooperative  study  designed  to  determine 
the  efficacy  of  anticoagulent  therapy  in  the  prevention  of  "stroke"  was 
established.  Six  research  teams  in  as  many  institutions  are  now  partici- 
pating in  this  study  and  it  is  anticipated  several  others  will  be  added 
during  1958. 

Also,  diiring  the  year,  a  collaborative  epidemiological  survey  of  the 
incidence  of  selected  neurological  and  sensory  disorders  in  various 
geographic  locations  was  established.  To  date,  grants  to  finance  this  study 
have  been  made  to  the  Medical  College  of  South  Carolina,  to  Dalhousie 
University  in  Halifax,  Nova  Scotia,  and  to  the  Japanese  Association  of 
Medical  Sciences  in  Tokyo. 


A  key  collaborative  study  in  process  as  of  this  writing  is  that 
concerned  with  hrain  damage  occurring  during  the  perinata3.  period,  the 
period  covering  pregnancy  and  ahout  one  month  after  the  birth  of  a  baby. 
The  long-term  aim  of  the  study,  which  may  continue  for  ten  years  or 
longer,  is  prevention — prevention  of  cerebral  palsy,  mental  retardation, 
epilepsy  and  various  forms  of  congenital  blindness  and  deafness. 

The  collaborating  institutions  are  evaluating  the  factors  believed 
to  bring  on  perinatal  brain  damage.  These  factors  include  lack  of  oxygen, 
blood  incompatibility  between  mother  and  child  (Rh  factor),  pre- 
maturity and  infections  occurring  d-uring  pregnancy,  Gtenetic  factors, 
thoxigh  believed  to  play  a  relatively  minor  role  in  cerebral  palsy  and 
mental  retardation,  are  also  being  evaluated.  Specific  loiowledge  as 
to  exactly  when  and  how  brain  damage  is  caused  is  essential  In  the 
effort  to  achieve  the  eventual  prevention  of  cerebral  palsy,  mental 
retardation  and  related  disorders. 

It  is  expected  that  the  study  will  bring  about  8,000  cases  under 
study  annually.  Whenever  possible,  the  mother-to-be  will  be  studied 
through  the  entire  period  of  pregnancy.  Infants  will  be  closely  observed 
and  tested  for  signs  of  neurological  stress  and  those  showing  signs  of 
such  stress  will  be  closely  followed  for  a  ntunber  of  months  following 
delivery.  Every  effort  will  be  made  to  correlate  neurological  signs 
with  occurrences  during  pregnancy  or  at  delivery  which  may  have  led 
to  them. 

Eventually,  it  is  ejcpected  that  fifteen  institutions  will 
collaborate  with  the  Institute  in  the  investigation.  As  of  Januaiy  1, 
1958,  there  were  thirteen  such  institutions.  These  are:  Charity 
Hospital,  New  Orleans;  Columbia  University,  New  York;  University  of 
Oregon  Medical  School;  New  York  Medical  College;  Yale  University; 
Brown  University;  tedical  College  of  Virginia;  Children's  Hospital, 
Philadelphia;  University  of  Pennsylvania;  Johns  Hopkins  University; 
Children's  Hospital,  San  Francisco;  University  of  Minnesota;  and 
Boston  I^ing-In  Hospital. 

2.  Contributions  resulting  from  particular  awards 

(this  program  has  not  been  in  existence  long  enough  to  provide  re- 
Bvilts   justifying  citation.) 

3.  Major  problems  encountered 

The  most  pressing  problem  has  been  met  by  the  establishment  of  the 
ad  hoc  Committee  on  Cerebral  Palsy  and  the  Field  Investigations  Committee. 
A  problem  of  financing  the  extremely  important  type  of  study  falling  under 
this  program  may  eventuate  in  I958,  depending  upon  appropriations  for 
fiscal  year  1959* 

k.     Changes  and  improvements  in  program 

(Not  applicable  because  of  ne^JTiess  of  program.) 


5.  Program  ob.iectives  for  19^8 

The  objectives  for  1958  a^e  "to  increase  the  nvimber  of  partic- 
ipating institutions  in  both  the  cooperative  aneiirysm  study  and  the 
cooperative  anticoagulant  study  in  order  to  complete  these  studies  in 
the  shortest  possible  time;  to  add  two  or  three  participants  to  the 
Collaborative  Cerebral  Palsy  Study  to  insure  sufficient  case  coverage 
to  provide  statistical  validity  of  results;  and  to  explore  through  Coun- 
cil and  Field  Investigations  Committee  appraisal,  other  problems  that  may 
be  susceptible  to  attack  by  the  cooperative  approach  in  order  to  solve 
such  problems  as  expeditiously  and  economically  as  possible. 

6.  Volume  of  applications 

Considered        RecommeMs'^- 

Mo.      Amount     Mo.      Amount 

February  1957  ^  $2,274,053  26  $1,601,767 

June     1957  11  779^078  8  40il-,223 

October  I957  Yl  1,072,136  I5  708,282 

Total  SS  ^125,267  ^  $2,714,272 

7.  Staff  assignments 

A.  Office  of  the  Director,  NINDB 

Dr.  Richard  L.  Masland  -  Assistant  Director,  inUDB 
Dto  Henry  A.  Imus     -  Assistant  to  Director,  NIIOB 

B,  Extramural  Programs  Branch 

Dr.  Gordon  Seger      -  Chief,  Extramural  Programs  Branch 
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III,  GRADUATE  TRAINING  GRANTS 


1.  Prograraming  accomplishments. 

The  purpose  of  this  program  is  to  develop  and  maintain  postdoctoral 
training  programs  designed  to  train  career  investigators  and  teachers  of 
future  investigators  in  the  neurological  and  sensory  disease  field.  To 
meet  this  objective,  grants  are  awarded  to  appropriate  training  centers 
after  careful  selection.  Each  grant  is  for  the  purpose  of  aiding  the 
instituticn  to  train  individuals  for  special  areasj  ioe.,  neurologists, 
neurochemists,  neuropathologists,  ophthalmologists,  etc.  The  success  of 
each  grant  is  reasured  in  terms  of  the  number  of  adequately  trained 
individuals  that  choose  academic  careers « 

In  general  terms,  programjning  accom^plishments  during  the  year  have 
been  significant.   The  number  of  training  grants  in  clinical  neurology, 
continually  rising  in  past  years,  has  leveled  off  at  about  fifty  programs. 
Emphasis  is  nov  being  placed  on  providing  adequate  support  for  those  that 
are  proven  producers  and  discontinuing  those  programs  which  have  failed 
or  indicate  little  potential  for  developm.ent .   During  the  yoar,  six  programs 
with  promising  potential  were  awarded  initial  support.  Support  was  dis- 
continued at  four  institutions.  At  the  present  ti^^e,  grant  supported 
training  programs  in  clinical  neuxology  aid  in  the  training  of  172  neurolo- 
gists, providing  approximately  50  specially  trained  individuals  per  year  for 
the  manpower  pool.   Ti^is  is  in  contrast  to  about  twenty-five  routinely 
trained  individuals  per  year  in  1952, 

In  the  training  of  ophthalmologists  for  careers  as  teachers  and 
investigators  the  situation  is  somewhat  different  from  that  in  neurology. 
Training  support  for  this  particular  specialty  started  later  than  for 
neurology  and  developed  more  slowly.  At  the  beginning  of  1957,  twenty- 
tliree  clinical  ophthalmology  programs  v;ere  being  supported.  During  the  year, 
support  of  one  program  was  discontinued  and  initial  support  ai-Jarded  for 
twelve  additional  programs.   The  thirty-four  programs  presently  s upported 
account  for  238  trainees,  or  a  manpower  potential  of  approximately  75  per 
year. 

Support  for  training  in  clinical  otoli^ryngology  was  not  started  until 
1956.   In  that  year  three  programs  \iere   innugu-arated .   During  1957  an   addi- 
tional nine  programs  v/ere  av;arded  support  to  train  otologists  for  careers 
as  investigators  as  contrasted  with  routine  residency  training.  At  present 
these  twelve  programis  provide  training  for  AA   individuals,  or  on  a  three 
year  basis,  will  start  to  provide  in  1959  a  total  of  15  specially  trained 
individuals  per  year. 


Training  in  neuropathology,  almost  at  a  standstill  in  1956,  has 
started  to  expand.  This  has  been  accomplished  by  changing  the  prograrn 
from  one  which  offered  a  year's  training  to  a  miscellaneous  group  of 
individuals,  to  a  program  to  provide  not  less  than  two  and  preferably 
three  years  of  advanced  training  to  those  already  qualified  in  general 
pathology,,  Three  neiiropathology  training  programs  existed  in  1956.  During 
1957  tvo  more  were  ar'led  and  at  least  six  additional  propxams  will  be 
initiated  during  1958 » 

Two  training  programs  in  pediatric  neurology  v;ere  initiated  in  1957. 
The  development  of  training  in  this  area  will  be  s]ow  because  of  the  almost 
absolute  absence  of  pediatric  neurologists  to  undertake  the  direction  of 
such  programs.   It  is  anticipated  that  two  or  tliree  more  programs  will  be 
added  during  1953  to  the  present  two  now  being  supported « 

Training  in  the  basic  neurological  sciences,  i,e„,  neuro chemistry, 
neuropharmacology,  neurophysiology  and  neuro-anatomy  has  not  expanded 
appreciably  during  the  year,,   Here,  as  in  pediatric  neurology,  it  is  not 
believed  that  any  appreciable  expansion  in  this  grossly  neglected  area  will 
be  witnessed  until  the  present  programs,  together-  with  the  special  trainee- 
ship  program,  can  turn  out  individuals  adequately  trained  to  establish 
training  programs  of  their  owno 

2.  Contributions  resulting  from  particular  awards 

(No  training  program  has  been  in  existence  long  enough  to  indicate 
without  question  its  propensity  for  turning  out  successful  investigators, 
A  certain  program  may  h^ave  a  "good"  year  followed  by  a  "bad"  year,  in  a 
year  or  two  "average  productivity"  may  be  calculated  with  sufficient  validity 
to  single  out  certain  programs,,) 


In  the  administration  of  training  programs  in  neurological  and  sensory 
diseases  two  major  problems  are  encountered.   Cne  is  the  problem  of  finding 
program  directors  who  both  desire  and  are  adequately  equipped  to  imdertake 
the  training  of  investigators  and  teachers  of  future  investigators.  By  and 
large  this  problem  will  solve  itself  in  time,  as  highly''  trained  individuals 
are  produced  by  our  training  programs.  The  second  problem,  comm.oi.  only  to 
clinical  training  programs,  is  the  lack  of  complete  appreciation  on  the  part 
of  many  directors  that  a  program  aimed  at  training  teachers  and  investigators 
must  necessarily  be  somewhat  different  from  the  customary  program  designed 
to  train  individuals  for  careers  as  entrepreneurs o  This  problem  is  most 
acute  in  ophthalmology  and  least  acute  in  neurology,  basically  because  of 
the  traditions  of  the  specialty  and  economic  pressures o  There  seems  to  be 
no  solution  to  this  latter  problem  except  to  try  to  educate  and  orientate 
through  repeated  conferences  of  program  directors,  program  site  visits,  and 
the  weeding  out  of  those  programs  v;hich  are  least  productive. 


"  3  " 

A .  Changes  and  ,j,mp,royement;-s  j.n  prosy^ 

Early  in  1957  the  Otolaryngology  Graduate  Trainino;  Grant  Committee 
was  organized  and  held  its  first  meeting  on  May  lo  The  establishment  of 
this  Committee  was  necessary  in  order  to  have  authoritative  otolaryngologic 
counsel  on  a  continuing  basis  and  to  aid  in  developing  a  training  program 
in  this  neglected  field. 

As  of  July  1,  1957,  Dr,  Farber  i.;as  employed  as  Executive  Secretary, 
Neurology  Graduate  Training  Grant  Committee;,  and  as  of  September  1,  Dr.  Jerome 
was  employed  as  Executive  Secretary,  Otolaryngology  Graduate  Training  Grant 
Committee,   The  addition  of  these  two  staff  members  has  already  resulted  in 
closer  attention  to  details  of  program  administration  in  these  two  areas, 
expansion  of  training  programs  in  Otolaryngology  and  the  prom.ise  of  better 
balance  of  programs  in  the  neurological  field c 

Effective  July  1,  1957  the  %tional  Advisory  Neurological  Diseases 
and  Blindness  Council  established  m.aximu:.-:  stipends  for  all  trainees  paid 
in  whole  or  part  from  training  grant  funds,  equal  to  the  stipend  rates 
established  by  the  Public  Health  Service  for  direct  trainees.  This  policy 
provides  a  liberal  stipend  that  may  not  be  exceeded  without  prior  approval 
and  prevents  inordinately  high  stipends  which  v/as  characteristic  of  s  ome 
\reak  training  programs  as  a  device  utilized  to  attract  trainees. 

In  April  1957  a  Conference  on  Training  in  Clinical  Neurology  was 
held  in  Boston  to  discuss  training  methodology  and  content.  The  outstanding 
neurologic  academicians  in  the  Nation  met  and  agreed  on  basic  concepts  and 
procedures.  Reprints  of  this  conference  have  been  distributed  to  all  grant 
supported  clinical  neiorology  programs. 

As  a  general  rule^  the  policy  was  adopted  to  require  residency  in 
pediatrics  before  becoming  e]igible  for  training  in  pediatric  neurology'', 
and  residency  in  pathology  before  becoming  eligible  for  training  in  neioro- 
pathology.  The  policy  resulted  in  two  improvements o   First,  there  is 
assurance  that  trainees  in  these  two  fields  v;ill  have  adequate  background 
training,  and  secondly,  the  completion  of  a  residency  makes  applicants 
eligible  for  Special  Traineeships  which  carry  a  higher  stipend  and  thus 
increase  the  number  of  potential  applicants.   In  fact,  it  can  be  said  that 
this  change  "saved"  our  training  grants  in  neuropathology,  which  up  to  the 
time  of  this  change  had  achieved  only  questionable  success,  due  largely  to 
inability  to  attract  potential  careerists  in  this  field, 

5 o  Program  ob,]ectives  fpr  J-9,58 

It  is  planned  to  expand  training  in  Otolaryngology  to  about  twice 
the  present  size,  if  appropriate  program  directors  can  be  found.   It  is  also 
planned  to  expand  training  in  the  basic  neurological  sciences  consistent 
v;ith  available  funds  and  institutional  personnel.   In  addition,  sensory 
physiology  is  appearing  on  the  horizon  as  another  training  grea  which  it  is 


believed  should  be  exploited.  Such  programs  will  appeal t o  the  audiologist, 
the  physiologist  and  the  anatomist  as  well  as  to  clinician,',  in  ophthalmology 
^•^nd  otolarynrology.   It  is  believed  that  advanced  training  in  sensory 
physiology  will  produce  individuals  who  v.dll  be  of  considerable  aid  to  pro- 
gress in  research  on  sensory  disorders. 


Neurology  ------ 

Ophthalmology  -  -  -  - 

Otolaryngology''  .-  -  - 
Neuropathology  -  -  - 
Pediatric  Neurology  - 
Neurosurgery  ^  -  -  - 
Neurochemistry  -  -  - 
Neuropharmacology  -  - 
Neuro-an,qtomy  -  -  -  - 

Neurophysiology  -  -  - 
Other  -----.--. 

Total 


Re( 

reived 

4i 

DTiroved 

No. 

Amount 

No. 

Amount 

67 

$2,280,125 

56 

4^1, 170, 139 

38 

1,125,168 

27 

557, 16^ 

12 

^3-4, 399 

9 

345,030 

7 

127, ,988 

7 

127,988 

3 

119,263 

2 

40,035 

3 

38,156 

1 

2,138 

-    1 

17,921 

1 

17,921 

■    1 

24,9^8 

- 

— 

1 

24,08^ 

- 

.    2 

36,021 

1 

24,789 

■__I 

.8M:n 

6 

70.637 

1^ 

i^A,31^,910 

110 

^;;2,355,841 

7.   Staff  assignments 

Dr .  Fai ber 
Dr.  Jero,.:o 
Dr.  Seger 
Mrs.  Ilartman 


-  Clinical  Neurology  and  neurological  basic  sciences, 

-  Clinical  Otolaryngology, 

-  Clinical  Ophthalmology 

-  Special  Traineeships  as  they  relate  to  training 

grants . 
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IV  SPECIAL  TRAINEESHIP  PROGRAM 


1.  Program  accong)lishinent3 

This  program  for  providing  advanced  and  highly  specialized 
training  in  the  neurological  and  sensory  disease  field  to  those  who  are 
well  "beyond  the  postdoctoral  level  was  materially  expanded  in  1958 • 
A  large  part  of  this  expansion  is  due  to  the  demands  made  upon  it  "by  the 
increased  number  of  clinical  specialists  "being  turned  out  as  a  result  of 
our  training.  These  individuals  have  "been  so  trained  that  they  realize 
the  "benefits  to  be  derived  from  research  training  after  the  completion 
of  residency  training.  To  a  lesser  degree  this  expansion  is  the  result 
of  opening  the  program  to  those  trained  in  the  basic  science  areas. 

A  total  of  86  awards  in  the  amount  of  $6lO,4l4  were  made  during 
1957.  This  contrasts  with  26  awards  made  during  1956.  At  present  these 
86  special  trainees  are  located  in  50  institutions  here  and  abroad  and 
are  under  the  tutelage  of  61  authorities  in  the  neurological  and  sensory 
disease  field. 

2.  Contributions  resulting  from  particular  awards 

IHiis  program  has  not  been  in  effect  long  enou^  to  justify  a 
follow-up  of  trainees.  Such  a  follow-up  is  now  scheduled  to  start,  the 
resiilts  of  which  ^^rill  not  be  known  tintil  late  spring. 

3.  Major  problems  encountered 

Two  major  problems  have  been  encountered  dxxring  the  year,  one 
stemming  from  the  newness  of  the  program  and  the  other  relating  to 
review  and  approval  of  applications. 

Although  it  was  planned  to  expand  this  program  by  100  per  cent, 
the  number  of  applicants,  especially  from  the  field  of  otology  and  from 
the  basic  science  areas,  has  been  somewhat  disappointing.  This  is  due 
in  part  to  a  need  for  wider  dissemination  of  information  relative  to 
the  program  and  in  part  to  the  fact  that  this  program  has  been  open  to 
basic  scientists  only  since  July  1,  1957°  I"t  is  believed  that  throu^ 
staff  visits  to  key  institutions  and  through  the  activities  of  the  three 
training  committees  an  appreciable  expansion  in  these  two  areas  will  take 
place  in  1958.  On  the  other  hand,  because  of  the  nature  of  the  training 
received  at  the  predoctoral  and  immediate  postdoctoral  levels  it  is  not 
anticipated  that  the  nijmber  of  basic  science  applicants  will  ever  equal 
the  number  of  clinicians  desiring  specialized  research  training. 


-  2 


The  second  problem  resulted  from  shift iiig  the  special  traineeship 
applications  from  the  NIHDB  TTainesship  Review  Board  to  the  several 
training  coimnittees  for  review,  Sa  general^  \^en  the  coimnittees  were 
presented  with  this  (to  them)  entirely  new  program,  there  was  a  tendency 
on  their  part  to  "be  quite  rigid  in  interpretation  of  policy,  and  to 
actually  ignore  established  procedures  without  eosj^iletely  comprehending 
the  possible  resiilts  of  such  action.  Siroii^  a  series  of  sub-eommlttee 
meetings  this  problem  has  been  solved  to  a  large  degree  and  the  few 
changes  in  administrative  procedure  finally  adapted  by  the  committees 
will  serve  to  strengthen  the  progi'-amo 


As  of  Jtily  1,  1957^  tte  following  major  changes  were  made,  all  of 
■vdiich  have  greatly  improved  this  program; 

A.  $1,000,000  instead  of  the  $500,000  previously  available  was 
tentatively  earmarked  for  this  programo  !I33,is  expansion  was  necessary  if 
we  were  to  meet  the  demands  for  M^ly  specialized  and  advanced  training 
stimulated  by  our  training  grant  program  which  is  turning  out  a  rapidly 
increasing  number  of  particularly  well- qualified  applicants o  Hot  only 
are  the  majority  of  the  individuals  trained  on  our  training  grants  better 
prepared,  they  are  also  intentionally  oriented  toward  academic  careers 
and  realize  tlxeir  need  for  a  year  or  two  of  further  training  before 
taking  full-time  positions  in  teaching  and  research,. 

B.  Ihrough  agreement  with  the  NIH,  the  Research  Fellowship  Branch 
discontinued  its  program  of  Special  Research  FellowshipSo  Hiis  opened 
the  way  to  changing  the  Special  Clinical  'Eraineeship  program  to  one  of 
Special  Traineeships,  including  basic  science  ^plicantSo  Hie  reasons 
for  this  change  were  to  provide  continuity  under  the  same  administration 
for  the  most  outstanding  individuals  resulting  from  our  basic  science 
training  grants;  to  stimulate  under  direct  Institute  aegis  the  advanced 
training  of  basic  scientists;  and  to  eliminate  the  existence  of  two 
similar  ajid  directly  conipeting  programs, 

C.  Responsibility  for  review  and  approval  of  applications  for 
Special  Traineeship  awards  was  tras?.sf erred  from  the  NIM)B  Traineeship 
Review  Board  to  the  appropriate  Graduate  Traijiing  Grant  Committee.  The 
reasons  for  this  change  were  to  provide  the  training  grant  committees 
the  opportunity  of  exercising  advisory  jurisdiction  over  the  total  KIKDB 
training  program  instead  of  Just  a  segment,  thereby  improving  opportunity 
for  total  program  advice  and  guidance;  to  avail  ourselves  of  the  counsel 
of  authoritative  academecians,  who  are  devoting  their  careers  to  the 
training  of  others;  and  to  remove  from  the  picture  the  implications, 
always  present  whether  deserved  or  not,  of  administering  an  award  program 
totally  controlled  by  Federal  eniployees. 


It  is  obvious,  of  course,  that  the  training  grant  committees  are 
in  an  advantageous  position  to  guide  this  progrrarij,  to  help  build  it, 
and  to  protect  us  from  pressures  that  frequently  arise,  especially 
in  a  program  of  direct  awards  to  individuals. 

5 .  Program  objectives  for  19 58 


Objectives  are  to  continue  to  expand  this  program  as  necessary 
to  provide  the  M^ily  trained  investigators  needed)  to  emphasize  the 
desirability  of  advanced  training  in  otology  and  the  basic  science 
areas  in  order  to  achieve  a  more  balanced  program^  to  inaugurate  a 
routing  follow-up  program  for  evaluation  purpose sj  and  to  further 
perfect  the  review,  approval  and  administrative  features  of  the  program. 

6.  Volume  of  applications 

Applications  received        106  $811,90^ 

Applications  approved         86  610, 4l4 

Average  awa^'d  -  $7^,100 

7.  Staff  assignments 

Mrs.  Hartman  -  Training  Analyst,  in  immediate  charge  of  the  program, 

wj.th  the  advice  of; 
Dr.  Farber   -  Ebcecutive  Secretary,  Neurology  'Eraining  Grant 

Committee  for  applicants  in  the  nexirological  field. 
Dr.  Jerome   -  Executive  Secretary,  Otolaryngolo^  Training  Grant 

Committee  for  applicants  in  the  otological  field. 
Dr.  Seger    -  ExecutiTe  Secretary,  Ophthalmology  Training  Grant 

Committee  for  applicants  in  the  field  of  ophthalmology. 
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V     RESEARCH  FELLOE  HIPS 


The  ptirpose  of  this  program  is  to  ensure  a  steady  and 
continuous  supply  of  scientists  highly  trained  in  the  skills  required 
for  competence  in  laboratory  research  in  the  various  fields  of  the 
neurological  and  sensory  disorders. 

Awards  are  made  to  the  most  promising  candidates,  as  determined 
by  a  careful  review  of  applications  and  the  supporting  data  provided 
by  letters  of  reference  and  academic  records.     Awards  are  made  for 
both  predoctoral  and  postdoctoral  trainingi   in  addition,  a  small 
number  of  special  research  fellowships  are  awarded  to  the  more  matui-e 
and  experienced  scientists  whose  research  effort  would  be  benefited  by 
additional  training  in  a  specialized  area,     A  number  of  awards  are 
also  made  to  part-time  students* 

In  fiscal  1957,  285  fellowship    awards,  totalling  $500,000, 
were  madej   90  of  these  were  part-time  student  fellowships,-     In  the 
first  six  months  of  fiscal  1958,  7k  awards,  totalling  |13U,713  were 
madej  1+8  of  these  are  part-tims  student  fellowships. 

Financial  support  for  promising  young  scientists  in  these 
fields  is  necessary  so  that  they  may  not  be  discouraged  from  under- 
taking so  difficult  a  program  of  preparations  and  so  that  px'ogress  in 
understanding  neurological  and  sensory  disorders  may  not  be  limited 
by  a  lack  of  competent  investigators  in  the  field. 
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VI  REVIEW  AND  APPROVAL  OF  GRANTS 

PROJECT  DESCRIPTION 

This  activity  provides  for  the  support  of  the  activities 
of  the  National  Advisory  Coimcil  on  Neiirological  Diseases  and 
Blindness,  the  advisory  training  committees  in  neurology, 
ophthalmology  and  otology,  the  advisory  committees  reviewing 
applications  for  field  investigations  and  pilot  projects,  and 
the  professional  and  clerical  staff  engaged  in  the  processing, 
analyzing  and  management  of  the  grants  and  awards.  Included  within 
this  activity  are  funds  for  the  Institute's  proportionate  share  of 
costs  for  services  performed  centrally  by  the  Division  of  Research 
Grants . 

The  progress  and  problems  in  the  management  of  the  extra- 
mural programs  are  discussed  in  individual  progress  reports  for 
I  Research  Grants;  II  Field  Investigations  and  Pilot  Projects; 
III  Graduate  Training  Grants;  IV  Traineeships;  and  V  Research 
Fellowships . 


Fifth  Annual  Report  of  Clinical  Investigations  of  the 
National  Institute  of  Neurological  Diseases  and  Blindness 

1957 
The  Clinical  Director's  Report 


At  the  time  of  the  writing  of  the  fifth  annual  report, 
there  have  been  admitted  to  the  National  Institute  of  Neuro- 
logical Diseases  and  Blindness,  525  patients,  for  a  total  of 
21,182  patient  days.   The  projects  included  herein  resulted 
in  54  publications  already  in  print,  or  accepted  by  reputable 
journals. 

One  Senior  Investigator  was  lost  to  the  Unit  during 
the  current  year,  and  this  was  Dr.  Lawrence  Frost,  who  ac- 
cepted the  position  of  Psychologist  to  the  Juvenile  Court 
of  the  District  of  Columbia »   This  was  a  promotion  of  two 
grades  for  Dro  Frosts   Five  Senior  Investigators  will  have 
joined  the  Unit  by  the  first  of  the  year,  and  these  are;   Dr. 
Di  Chiro,  as  Neuroradiologist,  and  Dr,  del  Castillo  as  Neuro- 
physiologist  in  Dr,  Chatfield's  place,   Dr,  del  Castillo  is 
an  internationally  recognized  authority  in  Neural  Transmis- 
sion.  Dr,  Fuortes  has  joined  the  Branch  of  Ophthalmology  as 
an  Ophthalmological  Physiologist,  and  his  work  is  already 
productive,  as  can  be  seen  in  Dr.  von  Sallmann's  report.  The 
same  applies  to  Dr,  Wanko,  who  has  joined  the  Branch  of 
Ophthalmology  as  Electronmicroscopist .   Dr„  Haase  will  rejoin 
the  Unit  as  Associate  Neurologist. 

As  always,  the  research  effort  depends  also  upon  those 
outstanding  individuals  who  join  us  in  the  capacity  of  Visit- 
ing Scientist.   We  were  fortunate  to  have  with  us  again,  for  a 
period  of  six  months ,  Dr.  J.  Godwin  Greenfield,  and  in  Ophthal- 
mology j  Dr.  Eberhardt  Dodt.   Both  of  these  men  are  interna- 
tionally recognized  in  their  fields  of  Neuropathology  and 
Electroretinography,  respectively.   The  Institute  is  also  in- 
debted to  the  unselfish  efforts  of  the  Clinical  Associates  who 
join  the  Institute  for  periods  usually  of  two  years*  time. 
The  new  Associates  may  be  found  in  the  accompanying  Table  of 
Organization, 

This  year  more  space  will  be  expended  in  the  Clinical 
Report  in  accomplishments  rather  than  projected  research.   As 
accomplishments  frequently  become  highly  specific,  it  is  hoped 
that  some  simplification  of  terminology  has  been  accomplished 
which  will  allow  an  appropriate  review  of  the  results  of  the 
work  of  the  Clinical  Invest iga-tive  Unit  during  the  past  year. 

The  Branch  of  Medical  Neurology  reports ,  in  the  Sect! on 
of  Neuropharmacology,  that  Dr.  Irwin  and  Dr.  Wells  are  con- 
tinuing their  studies  of  competitive  and  depolarizing  blockad- 
ing compounds  at  the  neuromuscular  junction.   Standard  mano- 
metric  techniques  are  utilized  in  determining  muscle  cholines- 
terase  activity;  blood  plasma  and  red  cell  cholinesterase  are 
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determined  by  the  poteniometric  method  of  Michel,   A  cross 
circulation  preparation  is  utilized  in  these  studies  in  which 
the  blood  of  one  animal  is  made  to  profuse  the  leg  of  another 
animal.   Thus,  manipulations  of  blood  and  tissue  cholinester- 
ase  activity  of  the  two  animals  and  the  recording  of  changes  in 
the  neuromuscular  transmission  from  both  legs  of  one  animal 
gives  a  direct  comparison  of  the  role  of  the  two  types  of 
enzymes.   True  identification  of  such  enzjrmes  is  a  prere- 
quisite to  this  study.   According  to  the  report  herein  listed, 
there  may  be  some  doubt  that  muscle  cholinesterase  (myoneural) 
was  the  same  as  the  "true"  cholinesterase  found  in  the  ery- 
throcyte.  Dr.  Irwin  and  his  colleagues  find  that  by  utiliz- 
ing muscle  cholinesterase  that  succinyldicholine  and  its  in 
vivo  metabolite  succinylmonocholine  were  metabolized  only~5 
percent  as  rapidly  as  acetylcholine  is  metabolized  by  the  same 
enz5rrae.   The  main  significance  of  these  studies  is  to  fur- 
nish additional  information  concerning  the  cholinesterase 
inhibitors,  in  addition  to  information  as  to  the  metabolism 
of  clinically  useful  neuromuscular  blocking  compounds.   It  may 
also  demonstrate  that  inhibition  may  have  a  great  affect  even 
though  metabolism  is  not  at  an  equally  great  rate. 

Dr.  Irwin  and  his  group  have  continued  to  study  the 
action  of  neuromuscular  blocking  agents  on  the  directly  stimu- 
lated innervated  and  denervated  muscle,  and  on  the  indirectly 
stimulated  innervated  and  denervated  muscle  by  using  supra- 
maximal stimulation.   They  find  that  neuromuscular  compounds 
which  are  known  to  have  no  appreciable  depolarizing  action  do 
not  reduce  the  contraction  of  the  directly  stimulated  muscle. 
On  the  contrary,  compounds  which  initially  depolarize  the 
motor  endplate  reduce  the  contraction  of  directly  stimulated 
muscle.   The  block  of  neuromuscular  transmission  and  the  de- 
crease in  contraction  following  direct  stimulation  do  not 
follow  the  same  time  course  and  Dr.  Irwin  and  his  colleagues 
argue  that  separate  or  additional  processes  are  involved  in 
the  tension  loss  of  the  directly  stimulated  muscle.   They 
note  that  denervated  muscles  respond  with  a  more  pronounced 
and  rapid  reduction  of  contraction  height  than  do  innervated 
muscles  and  recovery  from  the  drug  effect  is  greatly  delayed. 
In  utilizing  the  interplay  of  these  two  substances,  (i.e. 
depolarizing  against  competitive  blockading  compounds),  they 
note  that  the  prior  administration  neuromuscular  blocking 
doses  of  competitive  compounds  cx^rapletely  prevents  the  decrease 
in  contraction  which  normally  occurs  after  the  administration 
of  depolarizing  compounds.   Thus  doses  of  d-tubocurarine, 
which  have  no  effect  on  transmission  of  stimulation,  prevent, 
to  a  large  extent,  the  decrease  in  contractions  of  the  directly 
stimulated  muscle  following  succinylcholine.   This  observation 
implies  a  site  of  action  of  d-tubocurarine  not  previously  de- 
monstrated.  They  conclude  that  the  compounds  that  block  neuro- 
muscular transmission  but  which  do  not  affect  the  directly  stim- 
ulated muscle  are:   succinylcholine,  decamethonium,  mytolon, 
prostigmine,  physostigmine,  and  acetylcholine. 
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Dr.  Irwin  and  Dr.  Rowley  continued  their  work  in  try- 
ing to  find  the  fundamental  basis  of  myasthenia  with  injec- 
tion into  animals  J  previously  sensitized  with  depolarizing 
and  competitive  compounds,  of  plasma  from  patients  with 
myasthenia  gravis.   No  significant  findings  could  be  found 
in  those  animals  which  received  myasthenic  serum  as  against 
those  animals  which  did  not. 

The  Section  of  Neurochemistry ,  under  Dr.  Tower,  has 
continued  its  studies  in  amino  acid  metabolism,  electrolyte 
metabolism  and  the  metabolism  of  gamma-aminobutyric  acid 
in  neural  tissues  in  normal  and  epileptic  cortex.   Dr.  Tower 
has  been  aided  in  this  by  Dr.  McKhann  and  Dr.  Curtis, 

Dr.  Horvathj,  in  the  same  Section j  has  continued  his 
work  on  the  contractile  proteins  of  muscle  in  both  normal 

and  diseased  states. 

In  continuing  their  studies  of  these  substances, 
namely  glutamine,  asparagine,  gamma-aminobutyric  acid,  etc., 
on  manj  the  Section  is  still  devoting  some  energy  in  an  at- 
tempt to  find  accurate  methods  for  determining  levels  of  these 
substances  in  the  body  fluids  of  man.   Instrtumentation  has 
now  reached  the  point  where  the  dinitrophenyl-amino-acid 
method  for  these  studies  now  appears  feasible.   This  would 
then  allow  subsequent  column  chromatographic  treatment  of 
such  body  fluids.   The  data  clearly  demonstrates  a  rapid 
distribution  and  metabolic  destruction  of  asparagine  by  man 
in  vivo  and  supports  the  clinical  evidence  for  large  frequent 
Hosage  and  the  difficulty  for  complete  seizure  control  with 
such  an  actively  metabolized  compound.   Similar  results  were 
found  with  gamma-aminobutyric  acid  which  shows  that  this  sub- 
stance is  also  metabolized  extremely  rapidly  by  man  ^  vivo. 
Dr.  Tower  points  out  that  the  low  levels  of  these  compounds 
found  in  the  CSF  do  not  necessarily  reflect  the  amounts  being 
delivered  to  cerebral  tissue,  since  it  is  well  established 
that  numerous  solutes  may  transfer  more  readily  or  in  greater 
quantity  to  central  nervous  system  tissue  than  to  cerebro- 
spinal fluid.   Here  again,  these  investigators  hope  to  use 
carbon-14  labeled  amino  acid  substances  to  further  these  studies. 

Continued  use  of  these  amino  acid  compounds  in  the  con- 
trol of  seizures  has  demonstrated  that  L-asparagine  is  approxi- 
mately 40  percent  effective  in  the  control  of  severely  involved 
seizure  patients.   However,  it  is  obvious  to  Dr.  Tower  and  his 
colleagues  that  the  advantages  of  asparagine  over  less  expensive 
and  less  bulky  drugs  was  not  significant  to  warrant  continuation. 
Thus,  during  the  last  year,  most  of  his  patients  have  either 
been  discontinued  or  shifted  to  other  experimental  compounds, 
namely  gamma-aminobutyric  acid  or  2-pyrrolidinone  the  lactum 
of  gamma-aminobutyric  acid.   Some  side  effects  of  gastroin- 
testinal irritations  and  flushing  were  noted,  the  former  dis- 
appearing on  continued  use.   In  one  case  intraventricular 
glutamine  stopped  status  epilepticus  on  two  consecutive  trials, 
whereas  it  was  not  effective  in  intravenous  methods. 
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Dr ,  Towers  using  an  inhibitor  of  glucose  iiptake, 
namely  2-deoxyglucose,  has  demonstrated  clearly  the  de- 
pendence of  glutamic  acid  metabolism  upon  glucose  utili- 
zation.  This  is  a  major  step  toward  solving  the  perennial 
argument  that  while  brain  slices  may  indeed  use  amino  acids 
for  metabolism  that  the  brain  in  vivo  utilizes  mainly  glu- 
cose in  this  regard  =   OriginalTy  it'~was  conceived  that  the 
steps  from  alpha-keto-glutarate  to  glutamic  acid  to  gluta- 
mine  were  readily  reversible.   Thus  an  abnormality  in  the 
metabolism  of  one  should  be  made  up  by  the  presence  of 
another.   Dr.  Tower,  however,  has  shown  by  using  two 
seizure-producing  substances,  M.E.G.  and  M.S.O.  (the  first 
is  3-methyl-3-ethylglutarimide s  and  the  latter  methionine 
sulf oximine) ,  that  this  is  not  true.   In  seizures  from 
M,E„G„  the  glutamine  acid  may  be  but  11  percent  of  the  con- 
trol, whereas  the  glutamine  still  rests  at  100,   In  seizures 
from  M.S,0,  the  glutamic  acid  may  be  57  percent  of  the  con- 
trols whereas  the  glutamine  is  but  13  percent.   The  adding 
of  asparagine  to  the  M,S,0,  seizure  animal  brings  the  gluta- 
mic acid  back  to  100  but  the  glutamine  does  not  appreciably 
change,  i<,e,  13  to  0,   This  Indicates  that  there  must  be 
other  sources  for  glutamic  acid  and  that  glutamine  is  not 
necessarily  conserved  in  epileptogenic  lesions.   Dr.  Tower 
and  his  colleagues  hope  to  further  elucidate  this  by  label- 
ing these  substances  with  carbon-14o 

The  discovery  of  gamma-aminobutyric  acid  by  Robins 
and  his  colleagues,  and  the  identification  of  this  substance 
with  the  inhibitory  factor  of  Elliott ^  as  well  as  its  paral- 
lelism in  inhibitory  dendrites  of  Kupfler  with  its  interde- 
pendence with  paradoxine  phosphate  in  amino  acid  metabolism, 
led  Dr„  Tower  and  his  colleagues  to  study  the  metabolism  of 
this  substance  in  neural  tissues  in  v_itro ,   This  is  a  fluori- 
metric  determination  with  accurate  reproSuct ability  within 
the  range  of  ,01^11  and  measures  the  fluorescence  with  nin- 
hydrin  derivative  of  gamma-aminobutyric  acid.   To  date  only 
aaimal  work  has  been  reported  in  this  project  in  which  cat 
cortex  incubated  in  Ringer=bicarbonate=gluc©se  medium  shows 
that  the  amount  of  gamma-aminobutyric  acid  is  doubled  if 
pyridoxal  phosphate  is  added  or  quadrupled  if  glutamic  acid 
or  glutamine  is  added.   Dr.  Tower  believes  that  this  is  evi- 
dence that  glutamic  acid  is  the  immediate  precursor  of  gamma- 
aminobutyric  acidj  and  when  present  in  excess,  drives  the 
system,  and  that  pyridoxal  phosphate  is  the  co-enzyme  neces- 
sary for  conversion  of  glutamic  acid  to  gamma-aminobutyric 
acid.   Like  slices  provided  with  glucose  or  glutamic  acid, 
slices  provided  with  gamma-aminobutyric  acid  support  the  rest- 
ing oxidative  metabolism  to  the  same  degree. 

Finally,  in  the  epileptogenic  tissue,  studies  are  con- 
tinuing on  the  electrolyte  and  energy  metabolism  again  by  using 
an  inhibitor  of  glucose,  namely  2=deoxyglucose .   These  in- 
vestigators reason  that,  in  addition  to  the  primary  block  of 
glucose-6-phosphate  to  fructose-6-phosphate  by  2-deoxyglucose, 
that  there  is  a  secondary  inhibition  set  up  with  the  hexokinase 


stage  as  a  result  of  ATP  depletion.   There  is  a  profound  de- 
pression of  glutamic  acid  levels  without  much  disturbance  of 
glutamine.   Dr,  Tower  gives  this  as  consistent  with  utiliza- 
tion by  the  tissue  of  glutamic  acid  as  one  alternate  energy 
sources  J  and  re-emphasizes  the  growing  impression  that  gluta- 
ffiine  and  glutamic  acids  are  not  as  readily  interchangeable 
as  was  previously  supposed.   He  also  points  out  that  the 
ability  of  such  slices  to  reconcentrate  potassiiim  initially 
lost  to  the  medium  and  to  extrude  sodiuifflj  replacing  it  is 
only  slightly  impaired  by  2-deoxyglucose „   This  finding  sug- 
gests a  closer  relationship  of  electrolyte  metabolism  to 
oxidative  metabolism  then  to  glycolysis. 

Dr.  Horvath  has  continued  his  work  in  the  contractile 
proteins  of  muscle.   He  has  joined  Dr.  Klatzo  in  the  Section 
of  Neuropathology  in  the  preparation  of  actin  and  tropomyosin 
with  a  method  which  yields  approximately  99  percent  pure  pro- 
tein.  Rabbits  are  immunized  with  these  preparations  and 
immune  sera  collected.   The  globulin  fraction  of  such  sera  is 
labeled  with  fluorescein  and  histological  preparations  of 
normal  and  diseased  muscles  stained  with  the  labeled  globulin 
according  to  the  technique  of  Coons.   A  preliminary  study  has 
already  been  completed  in  this  and  has  been  reported  by  Dr, 
Klatzo,  Dr.  Horvath  and  Dr,  Emmart.   Of  interest  is  the  dys- 
trophic muscle  still  is  highly  fluorescent  for  these  proteins 
after  architectural  changes  have  occurred  within  the  muscle, 
although  normal  muscle  demonstrates  such  proteins  to  be 
limited  almost  predominately  to  the  A  bands.   Dr.  Horvath  has, 
in  addition J  extracted  actomyosin  from  myopathic  patients, 
and  from  mice  with  a  hereditary  disease  resembling  human  mus- 
cular dystrophy,  and  has  been  studying  these  compounds  in 
the  ultra-centrifuge.   In  the  ultra-centrifuge  only  one  com- 
ponent is  detectable  in  extracts  from  human  control  muscle. 
This  compound  appears  to  be  myosin  by  its  sedimentation  dif- 
fusion properties.   In  extracts  from  muscular  dystrophy  pa- 
tients, prepared  in  identical  fashion,  a  number  of  components 
are  seen  on  ultra-centrifugation.   The  same  is  true  in  the 
diseased  mice  when  potassiiwn  iodide  is  used  as  the  extraction 
media.   Dr,  Horvath  is  continuing  these  studies,  and  hopes  to 
identify  the  extract  components.   He  is  also  studying  uterine 
and  striated  muscle  actomyosin  in  physical-chemical  terms  pre- 
liminary to  the  study  of  actomyosin  synthesis  in  uterine  muscle, 
This  is  largely  a  project  in  methodology  in  trying  to  deter- 
mine (1)  non-protein  nitrogen;  (2)  water-soluble  nitrogen; 
(3)  0.5  Molar  Kcl-soluble  nitrogen;  (4)  non-collagenous  nitro- 
gen; (5)  total  nitrogen.   The  difference  between  one  and  two 
would  be  equal  to  the  water-soluble  protein;  the  difference 
between  two  and  three  would  be  equal  to  the  myosin  content, 
and  between  three  and  four  the  alkali  soluble  protein.   Dr. 
Horvath  now  feels  that  he  has  these  micro  methods  to  the  point 
that  he  may  apply  them  to  human  biopsy  samples  and  to  samples 
of  uterine  muscle. 

Dr.  Curtis  has  continued  his  work  into  methodology  for 
a  micro  chemical  determination  of  acetylcholine.   Difficulties 
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from  interference  fluorescence  from  flavonols  in  biological 
fluids  has  interfered  with  the  procedure  of  measuring  acetyl- 
choline by  its  fluorescence  with  a  boron~f lavonol  complex  in 
acetone.   As  yet,  interference  fluorescence  has  not  been 
solved.   An  attempt  is  being  made  to  separate  the  fluores- 
cence complex  from  the  interfering  flavonols  by  column  chroma- 
tography.  Dr.  Curtis  is  also  continuing  his  studies  in 
Urinary  Polypeptides  of  the  so-called  oxyproteic  acid  types 
which  he  has  previously  reported  to  find  in  high  concentra- 
tions in  muscular  dystrophy.   Since  dialysis  involves  a  con- 
siderable loss  of  such  components,  Dr.  Curtis  is  turning  to 
selective  adsorptions  or  foam  fractionation  in  removing  these 
materials.   Such  studies  depend  upon  factors  of  concentration, 
ionic  strength  and  pH»   Thus,  a  fundamental  study  of  surface 
chemistry  of  body  fluids  has  been  undertaken  to  provide  a 
basis  for  refining  the  techniques  for  isolation  of  surface- 
active  urinary  constituents  so  they  can  be  identified  and 
quantitated. 

With  the  realization  that  increased  sensitivity  to 
radioactivity  by  large  detection  crystals  (Nal  Th)  could  be 
utilized  with  collimators  and  hence  resolution  still  main- 
tained, the  Section  of  Biophysics  turned  its  entire  efforts  to 
the  detection  of  intracranial  neoplasia  by  the  use  of  unstable 
nuclides.   All  collimation  is  now  done  with  two  gold  sensitive 
volume  collimators  in  that  approximately  34  percent  of  back- 
ground radiation  may  be  removed  by  using  these  high  density 
metals.   Over  130  patients  have  now  been  used  with  an  apparatus 
designed  and  built  in  this  Unit  with  the  aid  of  the  Instrument 
Section,  and  the  accuracy  of  this  procedure  is  that  of  Ventricu- 
lography without  carrying  the  hazard  of  V  ntriculography. 
Methodology  now  used  is  that  of  two  S-inch  detecting  crystals 
in  front  of  which  are  placed  two  gold  sensitive  volume  col- 
limators designed  in  this  laboratory.   The  radioactivity  so 
colllmated  is  then  amplified  through  photomultiplier  tubes  to 
cathode  followers.   These,  in  turn,  were  sent  to  two  gamma  spec- 
trometers which  may  be  set  for  the  energy  for  the  given  isotope 
used.   From  the  gamma  spectrometer,  one  lead  is  taken  to  two 
scalers  which  in  turn  activate  instantaneously  the  selenoids 
which  are  moving  in  a  rectolinear  pattern  over  the  patient's 
head.   This  gives,  then,  a  diagramatic  outline  of  the  activity 
within  the  patient's  head,  and  concentrations  within  given 
tumors.   In  addition,  an  integrated  pattern  is  drawn  on  the 
Brown  double  pen  potentiometer.   In  the  lateral  views,  these 
may  be  directly  comparable;  in  the  AP-PA  views  these  are  not 
directly  comparable  in  that  the  muscles  inserting  at  the  base 
of  the  skull  are  asyismetrical.   The  anatomy  of  the  insertion 
of  the  muscles  at  the  base  of  the  skull  is  completed  by  freez- 
ing and  serially  sectioning  a  human  head.   This  procedure  car- 
ries with  it  certain  inherent  difficulties  of  reflected  radi- 
ation which  could  only  be  worked  out  over  a  process  of  months 
by  more  and  more  lead  shielding.   This  in  turn  made  the  ap- 
paratus so  heavy  that  it  was  necessary  to  drive  the  collimators 
with  thyrotrons  which  in  turn  are  fed  into  a  voltmeter  which 
is  taken  from  a  tachyometer  on  the  scanning  motor.   This  al- 
lows movement  of  the  collim-ating  heads  to  be  equal  in  both 
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forward  and  backward  directions o   This  procedure  has  allowed 
one  to  detect  neoplasias  in  almost  all  parts  of  the  cranium 
except  on  or  about  the  sellas.   Of  interest  is  the  fact  that 
all  cases  of  acoustic  neurinomas  were  detected.   The  physics 
of  the  apparatus  has  reached  such  a  degree  as  well  as  inter- 
pretation of  the  various  views  from  the  collimators,  that  a 
monograph  has  been  prepared  of  the  subject  in  which  the  sta- 
tistical evidence  will  be  presented  as  to  the  validity  of  the 
apparatus,  and  will  be  published  by  E.    &.   S.  Livingstone j  Edin- 
burgh»   The  method  carries  approximately  an  87  percent  accura- 
cy, and  in  addition  does  not  have  the  hazard  of  contrast  studies, 
and  indicates  the  number  and  size  of  the  neoplasias  when  de- 
termined.  The  promise  of  this  technique  and  its  importance  in 
relieving  hazards  of  intracranial  contrast  studies  were  such 
that  the  entire  efforts  of  the  Section  of  Biophysics  has  been 
devoted  to  this  study.   It  is  hoped  that  the  monograph  will 
be  available  in  approximately  six  months"  time.   During  this 
tim#p  only  one  attempt  has  been  made  in  the  case  of  myasthenia 
gravis  of  recording  of  intracellular  potentials  from  single 
muscle  fibers  in  the  intact  human.   Upon  completion  of  the 
above  studies,  however,  the  major  efforts  of  the  Unit  of  Bio- 
physics will  be  in  this  regard.   Since  the  Unit  was  fortunate 
enough  to  obtain  Dr.  del  C  stillo  as  Chief  of  the  Section  of 
Neurophysiology,  it  is  hoped  that  he  may  aid  in  this  regard, 
in  that  he  is  an  outstanding  authority  in  such  studies. 

During  this  year  the  complete  studies  of  patients  with 
parietal  lobe  lesions  v/hich  were  identifiable  at  operation  was 
completed.   Twenty-five  patients  were  studied  in  reference  to 
their  sensory  loss  and  opticokinetic  nystagmus.   To  collect  25 
such  cases  has  taken  approximately  five  years,  and  such  cases 
were  admitted  through  the  Branch  of  Surgical  Neurology,  but 
studied  by  Dr.  Shy,  and  Haase,  in  reference  to  sensory  appre- 
ciation, and  other  criteria.    From  such  a  study  it  was  found 
that  most  sensitive  sensory  loss  in  reference  to  the  parietal 
lobe  of  man  was  that  of  position  sense  in  space.   It  was  found 
that  standard  sensory  tests,  such  as  two-point-discrimination, 
sensory  extinction,  asteriagnosis,  touch  localization,  etc. , 
were  relatively  crude  tests,  in  that  large  lesions  could  exist 
in  the  parietal  lobe  but  would  not  be  indicated  by  such  tests. 
These  studies  were  reported  in  Deutsche  Zeitschrift  f.  Nerven- 
heilkunde,  Volume  176,  pages  519-542,  1957. 

Studies  in  the  pathology  of  muscles  have  continued  even 
after  the  publication  of  the  Atlas.   From  such  studies  a  new 
disease  of  muscle  has  been  described  and  published  which  is 
unique  both  anatomically  and  histochemically.   In  addition  to 
this,  studies  are  under  way  in  hypotonic  infants,  and  it  has 
become  obvious  that  muscle  biopsies  will  become  an  important 
factor  in  the  prognosis  of  such  infants.   Approximately  22  such 
infants  have  been  collected  to  date,  with  at  least  4  distinct 
types  of  myopathy  or  neuropathy  distinguishable  upon  muscle 
biopsy.   A  completion  of  the  study  of  the  chemistry  and  morph- 
ology of  muscle  of  a  large  family  with  paramyotonia,  the  second 
such  family  reported  from  this  country,  has  been  completed  and 
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accepted  for  publication  by  the  Archives  of  Neurology  and 
Psychiatry,  in  the  next  issue.   Finally,  the  method  of 
Ichelson  by  which  she  described  the  finding  of  spirochetes 
in  the  spinal  fluid  of  patients  with  multiple  sclerosis  has 
been  studied  by  Drs,  Korengold  and  Harape,  of  the  National 
Dental  Institute.   Thirty,  well-documented  cases  of  multiple 
sclerosis  with  exascerbations  during  the  past  year  were 
studied.   In  none  of  these  could  spirochetes  be  found  in 
the  spinal  fluid.   At  the  same  time,  specimens  of  blood, 
spinal  fluid  were  sent  to  the  laboratory  for  Dr.  Huebner  and 
Dr.  Sabin,  in  Cincinnati,  to  study  the  validity  of  anti- 
body response  to  the  antigen  obtained  from  the  U.ScS„R,  The 
studies  of  Dr.  Sabin  and  Dr.  Huebner  have  not  as  yet  been 
reported. 
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Dr,  Baldwin  reports,  from  the  Branch  of  Surgical  Neuro- 
logy j.  a  broad  program  including  the  surgical  treatment  of  epi- 
leptogenic lesions  with  its  inherent  increase  of  knowledge  of 
cortical  function  as  seen  upon  stimulation  in  the  operating 
roofflj  and  after  abolition  of  epileptogenic  lesions  as  well  as 
an  extensive  program  on  the  effects  of  hypothermia  upon  the 
central  nervous  system  in  that  the  majority  of  surgical  pro- 
cedures are  now  done  with  this  technique »   Such  studies  in 
hypothermia  are  also  carried  out  in  Dro  Klatzo's  Section  of 
Neuropathology,  in  animals,  and  in  the  Section  of  Anesthesio- 
logy, in  an  attempt  to  isolate  cerebral  hypothermia,  leaving 
the  rest  of  the  body  under  normal  temperature »   This  year  saw, 
in  additions,  the  successful  conclusion  to  the  separation  of 
the  craniopagus.   An  extensive  study  of  the  central  nervous 
system  effects  on  autonomic  function  was  initiated  by  a  com- 
bined approach  from  Dr.  Van  Buren  in  Neurosurgery,  Dr,  Marsan 
in  EEG,  and  Dr.  Hall  of  Anesthesiology.   Tissue  culture  of 
normal  and  tumor  cerebral  and  cerebellar,  and  muscle  tissue 
was  attempted  in  the  pathological  laboratory,  and  recording 
from  single  cells  in  such  tissue  culture  is  being  carried 
out  by  Dr,  Li,   In  addition  to  this,  the  adding  of  epilepto- 
genic substance  to  tissue  culture  and  subsequent  intracellu- 
lar recording  is  projected  into  the  next  year. 

Attempts  at  stimulating  the  cortex  remotely  by  radio 
frequency  has  been  successfully  concluded  by  Dr.  Li  and  his 

colleagues,  and  finally  the  large  program  of  Dr.  Dekaban's 
on  cerebral  palsy  is  still  under  way.   Surgical  treatment  of 
refractory  seizures  in  or  about  the  temporal  lobe  has  reached 
such  renown  that  the  patient  population  awaiting  admission  to 
the  Branch  of  Surgical  Neurology  is  approximately  200  in  num- 
ber.  Dr.  Baldwin  does  not  visualize  additional  admissions  a- 
bove  this  number  to  this  program  for  a  period  of  two  years. 
In  addition  to  these  integrated  projects,  there  are  many  iso- 
lated projects  which  will  be  discussed  in  detail  below.   In 
addition  to  these  there  has  been  extremely  heavy  load  of 
intracranial  neoplasias  admitted  not  only  to  this  Institute, 
but  found  on  consultations  to  other  Institutes.   Although 
this  was  useful  in  the  utilization  of  the  collimator  scanning 
technique,  it  never  the  less  imposed  a  heavy  load  upon  the 
Branch  of  Surgical  Neurology,  in  addition  to  its  own  research 
efforts.   Specifically,  the  projects  reported  by  Dr.  Baldwin 
and  his  colleagues  are  as  follows: 

Dr.  Baldwin  reports  a  careful  study  of  over  117  pa- 
tients with  epileptic  seizures  during  the  past  year,  the 
majority  of  which  had  disease  in  one  or  both  temporal  lobes. 
In  addition  to  this,  a  five  year  assessment  of  surgical  abo- 
lition was  undertaken.   Fifty-five  percent  of  those  patients 
operated  had  one  or  less  seizures  since  this  operation,  in 
contrast  to  numerous  seizures  refractory  to  treatment  before 
operation.   Thirty  percent  had  three  or  less  seizures  follow- 
ing surgical  treatment,  while  only  fifteen  percent  had  as 
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many  attacks  after  surgery  as  before »   This  fifteen  percent 
occurred  in  cases  where  there  was  indication  of  bilateral  in- 
volvement ^  or  those  in  which  the  electrocorticographic  ab- 
normality was  more  posterior  than  anterior  when  recorded  from 
the  temporal  scalp  or  the  surface  of  the  exposed  lobe.   Due 
to  cerebral  dominance j  the  right  temporal  lobe  was  more  fre- 
quently exposed  than  the  left.   The  lesion  most  frequently 
exposed  in  the  pathological  laboratory  was  incisural  sclero- 
sis.  During  the  past  year,  unilateral  lesions  have  been  re- 
moved from  one  temporal  lobe  which  caused  bilateral  firing 
electrographically  from  both  temporal  lobes,   Dr,  Baldwin 
feels  this  paradox  is  probably  the  result  of  the  rapidity  with 
which  the  epileptiform  discharge  crosses  the  midline  so  as  to 
activate  both  temporal  lobes.   In  his  work  on  primates,  he 
has  demonstrated  that  an  epileptiform  discharge  originating 
in  one  temporal  lobe  will  rapidly  activate  the  opposite  homo- 
logus  area.   In  primates  such  bilateral  activation  can  b© 
prevented  by  section  of  the  anterior  commissure ,  after  which 
the  discharge  does  not  spread  to  the  opposite  side.   This  work 
is  reported  extensively  by  Dr,  Baldw^in  and  Dr,  Frost,   To  make 
problem  more  difficulty  there  are  cases,  however,  in  which 
discharges  seem  localized  and  lateralized  deep  in  the 
mesial  temporal  surfaces,   Dr,  Baldwin  reports  that  in  tem- 
poral lobe  seizures,  the  most  frequent  clinical  characteris- 
tic of  the  attack  is  the  epigastric  sensation.   More  rarely, 
the  aura  may  be  that  of  memory,  psychical,  a  feeling  of 
familiarity 5  illusions ^  or  hallucinations.   Dr.  Baldwin  feels 
that  the  ictal  pattern  of  the  temporal  lobe  seizures  is  al- 
ways characterized  by  automatism, 

Dr,  Baldwin  and  Dr.  Van  Buren  report  on  the  autonomic 

changes  in  temporal  lobe  seizures.   These  appeared  rather 
stereotyped,  thus  the  blood  pressure  rose,  the  pulse  rate  in- 
creased, skin  resistance  fell,  the  finger  plethysmogram  de- 
flection narrowed,  swallowing  or  retching  might  appear,  gas- 
tric motility  was  inhibited,  and  respiratory  function  was  im- 
paired, usually  with  the  appearance  of  expiratory  apnea.   Dr, 
Baldwin  notes  that  with  the  exception  of  the  pulse  rate,  the 
responses  closely  followed  those  obtained  from  stimulation  of 
the  limbic  area  in  primates,   Dr,  Baldwin  notes  and  agrees 
with  Dr.  Ajmone  Marsan's  Metrazol  activation  observations  re- 
ported last  year,  with  certain  of  his  cases  demonstrated 
automatic  behavioral  activity,  but  that  the  lesion  was  not 
within  the  temporal  lobe.   He  also  notes  sensory  abnormalities 
from  stimulation  of  the  temporal  lobe,  and  that  between 
seizures  such  patients  may  have  considerable  interictal  lang- 
uage difficulty.   He  feels  that  this  is  always  present  when 
the  maximum  epileptiform  abnormality  is  along  the  posterior 
and  lateral  surfaces  of  the  temporal  lobe.   Dr,  Baldwin  also 
notes  that  clinical  seizures  can  be  induced  with  lysergic 
acid;  70  such  attacks  have  been  observed  in  chimpanzees  fol- 
lowing oral  administration  of  this  drug.   The  doses  adminis- 
tered by  mouth  are  comparable  to  those  given  to  patients  and 
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volunteers  in  psychiatric  studies.   The  epileptiform  effects 
of  this  drug  have  not  been  reported  from  such  studies s  despite 

their  number  and  continuity,,   Dr„  Baldwin  also  notes  that  in 
two  patients  with  temporal  lobe  seizures  an  in,teresting  syn- 
drome.  In  these  cases,  unilateral  excision  of  the  anterior 
hippocampal  gyrus  was  followed  by  loss  of  recognition  of 
familiar  people,  reduction  of  spontaneous  speech^  feelings  of 
depersonalization,  apathy,  flattening  of  the  facies,  and  a 
tendency  to  maintain  passive  posturing  of  the  extremities.  He 
feels  that  these  patients  resemble  individuals  in  acute  schizo- 
phrenic reaction.   Whatever  the  precise  nature  of  the  clinical 
reaction,  it  was  related  to  the  anterior  hippocampal  excision. 
He  feels  that  almost  all  patients  with  temporal  lobe  seizures 
have  language  difficulties,  alteration  of  perceptions  and  dif- 
ficulty in  relating  action  to  time.   He  feels  that  their  lang- 
uage is  ambiguous  and  indirect j  and  that  the  majority  cannot 
relate  themselves  in  space  to  objects  in  their  environment. 
All  have  serious  fluctuations  in  moodj  but  that  such  a  fluc- 
tuation is  often  inappropriate  and  usually  less  marked  than 
the  apparent  stimuli  warrant.  He  feels  that  such  patients  have 
very  little  emotional  outlet.  He  notes  that  focal  seizures  have 
occurred  in  patients  with  abnormal  movements  not  related,  to 
the  seizure  process.   In  three  such  cases  the  abnormal  move- 
ments were  of  a  type  usually  related  to  the  extra  pyramidal  sys- 
tem and  occurred  in  an  upper  extremity  which  was  also  involved 
in  the  focal  motor  seizure.   Both  the  motor  seizure  and  the 
extra  pyramidal  movements  ceased  after  excision  of  the  pyramidal 
cortex.   One  patient  with  bilateral  extensive  extra  pyramidal 
movement  was  relieved  of  these  movements  on  one  side  hj   inter- 
ruption of  the  middle  of  the  posterior  limb  of  the  internal 
capsule . 

Observation  of  the  human  brain  under  hypothermic,  con- 
ditions has  occurred  in  36  cases.   In  all  cases,  save  those  of 

intracranial  neoplasm.,  the  brain  appears  t©  fall  away  from  the 
overlying  dura  and  skull.   In  those  cases  with  intracranial 
neoplasm  the  brain  bulges  much  as  it  does  at  normal  tempera- 
tures.  Dr.  Baldwin,  notes  that  in  all  cases  the  brain  appeared 
pale,  with  dark  vessels  along  the  surface,  and  that  the  bleed- 
ing was  sluggish  and  intracranial  blood  pressure  was  obviously 
reduced.   This  applied  equally  well  to  abnormal  vessels  in  ar- 
teriovenous malformations.   Chimpanzees  were  stimulated  under 
hypothermic  conditions,  and  in  these  animals  the  electrocortic- 
ogram  was  reduced  in  amplitude,  and  this  reduction  was  preceded 
by  bursts  of  slow  activity,   H©  noted,  in  addition,  that  elec- 
trical stimulation  did  not  excite  the  motor  cortex  when  the' 
animal  was  under  hypothermia,  and  that  repetitive  electrical 
stimulation  of  the  periamygdaloid  region  did  not  produce  the 
seizure  activity  which  always  followed  this  stimulation  at 
normal  temperatures.   Dr.  Baldwin  is  also  attempting  to  de- 
sign instrumentation  to  apply  low  temperatures  directly,  and 
he  has  subjected,  systemic  blood  vessels  in  animals  to  tempera- 
tures averaging  -120®C„   At  this  temperature  the  aorta  of  a 
cat  freezes  solid  in  three  seconds.   During  this  time  the 
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vessel  can  be  cut  at  the  "frozen"  part  without  bleeding,, 
Carbon  dioxide  combining  power  is  reduced  and  the  hematocrit 
increased  under  hypothermia.   Experimental  animal  work  is  con- 
tinuing on  hypothermia  in  both  neuropathology  and  anesthesio- 

lOgJo 

Dr,  Klatzo  and  Dr „  Laskowski  have  demonstrated  the  de- 
myelinization  which  follows  "a  cold  injury  to  the  brain",  and 
shown  the  spread  of  this  demyelinization  temporally  along 
the  right  lateral  lobe.   This  was  done  by  fluorescent  anti- 
body techniques  as  well  as  straight  ultraviolet  fluorescence 
of  damaged  tissue.   Following  sodium  fluorescent  photography, 
the  brain  tissue  was  subject  to  a  variety  of  histological 
and  histochemical  techniques.   Dr.  Klatzo  noted  the  presence 
of  edema  was  observed  within  six  hours,  in  the  white  matter 
underlying  the  site  of  the  cold  application,  but  the  area  of 
edema  exhibited  strong  PAS-positive  staining  of  astrocytes  and 
less  intense  PAS  staining  of  interstitial  spaces,   Histo- 
chemical analysis  of  the  PAS-positive  staining  material  in 
the  edematous  white  matter  suggested  glycoprotein  nature  of 
the  substance  involved.   The  break-down  of  the  blood-brain- 
barrier  in  the  edematous  white  matter  as  tested  with  sodium 
flourescein  followed  after  approximately  18  hours,   Elec- 
trophoretic  studies  performed  at  the  time  of  maximal  intensity 
of  edema  and  breakdown  of  blood-brain-barrier  indicated  an  ap- 
preciable increase  of  total  proteins  with  a  striking  elevation 
of  albumins  in  the  area  of  edema.   The  iluorescence  in  the 
superficial  layers  of  the  cortex  persisted  one  month  after  in- 
jury and  was  associated  with  the  presence  of  small  astrocytes, 
lacking  a  well-formed  vascular  foot-plate.   If  however,  the 
animals  to  which  the  topical  cold  had  been  applied  to  the  sur- 
face of  the  cortex  were  previously  made  hypothermic  5  then  the 
fluorescence  was  limited  only  to  the  superficial  peripheral 
margin  following  application  of  the  cold  stimulus.   It  would 
appear,  therefore,  that  hypothermia  reduces  the  histological 
and  histochemical  observations  correlated  with  edema  of  the 
brain  following  trauma.   In  view  of  this.  Dr.  Hall  is  attempt- 
ing to  find  and  design  an  experimental  apparatus  in  which  the 
hypothermia  will  be  limited  only  to  the  cephalic  part  of  the 
body  in  that  the  majority  of  difficulties  with  hypothermia  are 
associated  with  cardiac  abnormalities.   He  is  going  to  attempt 
to  use  a  Sigmamotor  or  similar  blood  pump  which  will  produce 
the  pressure  necessary  to  perfuse  the  cerebral  circulation,  A 
gas  exchanger  of  the  DeWall  type  will  be  used  to  oxygenate  the 
blood  and  to  remove  the  excess  carbon  dioxide  in  order  to  main- 
tain normal  gas  chemistries,   A  heat  exchanger,  as  designed  by 
General  Motors  and  used  by  Duke  University,  will  be  used  which 
will  allow  extremely  rapid  cooling  or  warming  of  the  blood  just 
before  it  enters  the  cerebral  circulation.   If  isolated  hypo- 
thermia of  cerebral  tissue  can  be  obtained,  this  should  aid 
the  surgeon  in  reducing  cerebral  edema  and  aiding  in  hemo- 
stasis  without  giving  somatic  complications  of  this  procedure. 

Dr.  Klatzo  and  Dr.  Engel  have  also  entered  into  tissue 
culture  work  on  epileptogenic,  neoplastic  and  normal  brain. 
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All  such  cultures  will  also  be  utilized  in  the  profusion  cham- 
ber by  Dr.  Li  for  recording  of  single  cells  under  direct  ob- 
servation with  microcapillary  pipettes,  and  with  Dr.  Tower, 
will  attempt  to  assess  epileptogenic  differences  in  such  cul- 
tures.  From  the  neoplastic  cultures  an  attempt  will  be  made 
to  form  antibodies  which  may  in  turn  be  labeled  with  radio- 
active substances,  and  can  possibly  be  used  later  in  scan 
techniques  as  a  specific  substance  to  go  to  tumors.   Dystro- 
phic muscle  and  normal  muscle  are  also  being  cultured  in  an 
attempt  to  understand  more  of  the  regenerative  properties  in 
muscle  dystrophy.   As  was  noted  in  the  Branch  of  Medical 
Neurology,  Dr.  Klatzo  and  Dr.  Horvath  and  Dr.  Emmart  are 
studying  muscle  with  fluorescent  antibody's  techniques,  using 
rabbits  sensitized  to  purified  human  myosin.   They  have  noted 
specific  staining  with  a  fluorescent  antibody  in  the  A  bands 
of  striated  muscle,  and  occasionally  in  the  Z  bands.   Obser- 
vations on  diseased  muscle,  stained  with  fluorescent  anti- 
bodies, reveal  the  preservation  of  striated  pattern  at  a  time 
of  early  pathological  changes,  and  the  presence  of  material 
reacting  with  the  antibodies  to  given  myosin  in  severely  de- 
generated fibers  and  in  structures  resembling  macrophages. 
This  Laboratory  is  also  studying  the  pathology  of  the  new 
disease  entity,  termed  Kuru,  a  disease  found  widespread  in 
the  natives  of  New  Guinea.   The  preliminary  findings  indicate 
a  generalized  neuronal  degeneration  affecting  the  basal  gang- 
lia, thalamus,  cerebellum,  pons,  medulla,  and  partly  the 
spinal  cord.   The  areas  of  neuronal  degeneration  show  intense 
astrocytic  reactive  proliferation.   There  has  been  no  indica- 
tion of  an  inflammatory  nature  of  the  process,  and  the  sug- 
gestion to  date  is  that  this  may  well  be  some  type  of  toxic 
reaction  to  the  central  nervous  system. 

Dr.  Van  Buren  in  his  initiation  of  the  treatment  of 
involuntary  movements  has,  with  the  aid  of  the  Instrument 
Shop,  devised  a  new  human  stereotaxic  instrument  which  em- 
bodies the  following  characteristics: 

1)  It  uses  rectolinear  coordinates  to  permit  the  use 
of  a  brain  atlas 

2)  It  may  be  zeroed  in  by  x-ray  control  and  moved  in 
relation  to  fixed  points  in  the  brain  itself  since 
bony  landmarks  are  unreliable 

3)  It  allows  electrode  insertion  at  any  angle  in  order 
to  reduce  to  a  minimum  the  length  of  the  needle 
track 

4)  Any  point  in  the  thalamus  or  basal  ganglia  can  be 
reached  through  a  single  burr  hole  without  having 
to  recalculate  angles  of  electrode  insertion 

5)  It  must  be  possible  to  place  and  replace  the  in- 
strument upon  the  skull  in  precisely  reproducible 
fashion 

At  the  present  time  the  electrode  carrier  is  being  assembled 
which  represents  the  last  phase  in  construction  of  the  stain- 
less steel  model.   The  weight  of  this  model  is  somewhat 


-14- 


excessive  (9j  lbs,),  and  it  remains  to  be  seen  whether  this 
will  prove  to  be  a  severe  handicap »   Now  that  such  a  model 
is  available,  however,  it  has  become  apparent  the  standard 
atlases  of  human  brain  and  anatomy  for  stereotaxic  work  are 
not  reliable  and  Dr.  Van  Buren  has  initiated  steps  to  re- 
produce another  atlas  using  formalin  fixed  but  unimbedded 
brain,  which  eliminates  the  shrinkage  factor  entailed  with 
dehydration  and  imbedding.   Dr.  Van  Buren  has  continued 
his  extensive  work  on  the  functional  anatomy  and  pathology 
of  the  human  visual  system^  using  also  lower  primates  with 
vital  methylene  blue  staining.   The  human  material  to  date 
has  consisted  of  a  craniopharyngioma  which  caused  visual 
field  defects  and  a  case  of  surgical  trauma  to  the  chiasmal 
region  again  with  demonstrable  visual  field  defects.   In 
monkeys  lesions  of  the  optic  tracts  and  chiasm  have  been 
made  surgically.   In  addition^  three  geniculate  bodies  fol- 
lowing temporal  lobectomy  and  two  geniculate  bodies  follow- 
ing parietal  lesions  5  and  two  geniculate  bodies  following 
occipital  lesions  are  available  for  study,   Dr,  Van  Buren 
has  made  lesions  in  the  anterior  and  posterior  visual  sys- 
tem in  the  macaques  for  comparison  with  this  human  material. 
Forty-one  cases  of  human  temporal  lobectomy  carried  out  by 
Dr.  Baldwin  and  Dr.  Penfield  were  examined  by  perimeter  and 
tangent  screen  methods,   Dr,  Van  Buren 's  findings  in  the 
retina 8  the  lateral  geniculate,  and  the  occipital  cortex, 
as  well  as  his  findings  in  the  visual  field  following 
temporal  lobectomy,  are  reported  in  detail  in  his  project 
report.   Of  particular  interest  is  the  study  of  the  visual 
field  defect  following  temporal  lobectomy,  in  which  the 
field  defects  were  found  to  be 5  first  of  all,  (1)  liot  af- 
fecting visual  acuity,  (2)  not  to  alter  size  of  the  blind 
spot,  (3)  to  have  sloping  inferior  margins,  (4)  to  pass 
over  the  horizontal  meridian,  (5)  to  have  a  density  in  the 
defect  roughly  proportional  to  the  perpendicular  distance 
from  a  line  paralleling  the  inferior  margin  of  the  defect 
and  passing  through  the  fixation  point,  and,  (6)  to  be  both 
congruous  and  incongruous,  but  if  they  are  incongruous j  to 
have  the  larger  defect  of  the  visual  field  in  the  eye  on  the 
side  of  the  lesion,   Dr,  Van  Buren  arrives  at  the  following 
conclusions,  on  the  basis  of  these  observations; 

(1)  That  one-half  of  macular  vision  is  sufficient  to 
permit  normal  visual  acuity 

(2)  Alteration  of  one  field  of  vision  does  not  entail 
a  change  in  the  visual  projection  of  the  remain- 
ing intact  retina 

(3)  The  fibers  from  adjacent  retinal  elements  are 
spacially  separated  in  the  optic  radiation 

(4)  The  representation  of  the  upper  and  lower  quad- 
rants in  the  optic  radiation  are  not  separated 
by  macular  fibers 

(5)  The  macular  representation  lies  medial  to  that  of 
the  peripheral  retina 
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(6)   In  the  anterior  portion  of  the  optic  radiation^ 

the  representation  of  the  ipsilateral  and  contra- 
lateral retinal  halves  both  extend  an  equal  dis- 
tance anteriorly,  but  that  the  ipsilateral  re- 
tinal representation  lies  lateral  to  the  contra- 
lateral retinal  representation 

Dr„  Van  Buren  and  Dro  Baldwin  have  submitted  a  publication 
on  this  to  Brain,   as  well  as  a  demonstration  which  was 
utilized  at  the  American  Academy  of  Neurology.   Dr,  Van  Buren 
continued  his  work  also  on  Pain  Mechanisms j  using  psychometric 
methods  and  autonomic  functions,  such  as  blood  pressure,  skin 
temperature,  electrocardiogram 5,  skin  resistance,  respiratory 
rate,  etc.   Dr,  Van  Buren  and  Miss  Blevins  note  that  the  ma- 
jority of  patients  who  have  pain  of  functional  nature,  have 
autonomic  responses  to  minimal  stimuli  whereas  those  patients 
who  have  pain  of  organic  nature,  the  autonomic  responses  to 
mild  painful  stimuli  were  minimal  to  absent.   Their  series, 
however,  they  conclude,  is  too  small  to  draw  a  statistical 
conclusion  at  this  time.   Dr.  Vaa  Buren  is  also  continuing 
his  studies  of  neoplasias  within  the  central  nervous  system 
and  their  effect  upon  visual,  autonomic,  and  physiological 
anatomical  relations.   These  patients  are  deliberately  chosen 
who  will  come,  in  the  near  future,  to  post  mortem  so  that  a 
correlation  may  exist  in  the  anatomy  and  the  physiological 
findings . 

Dr.  Li  has  continued  his  work  on  microelectrode  analy- 
sis of  muscle  and  single  cells  within  the  central  nervous 
system.   He  has  found  that  hypothermia  will  block  neuromuscu- 
lar conduction,  and  that  at  low  temperatures,  the  miniature 
endplate  potentials  described  by  Fatt  and  Katz  were  decreased 
in  frequency  and  increased  in  amplitude,  but  that  at  5°C  the 
amplitude  began  to  drop  while  the  frequency  continued  to  be 
low.   This  investigation  would  suggest  that  if  Fatt  and  Katz 
were  right,  that  the  quanti  of  acetylcholine  released  at  the 
neuromuscular  junction  was  decreased  in  cases  of  hypothermia. 
Their  investigation  also  suggests  that  at  low  temperature, 
contracture  activity  may  occur  in  skeletal  muscle  fibers.  Dr. 
Li  and  Mr.  Johnston  of  the  Instrument  Section  have  succeeded 
in  placing  a  stimulating  electrode  in  the  brain  of  a  monkey 
attached  to  a  radio  receiver  to  which  a  transmitter  trans- 
mitted a  stimulation  pulse  of  14  megocycles  per  second.   Epi- 
leptiform activity  was  produced  in  the  unrestrained  and  un- 
aware monkey.   Dr.  Li  presented  this  at  the  Winter  General 
Meeting  of  the  American  Institute  of  Electrical  Engineers. 

As  noted  above,  Dr.  Li  has  also  joined  with  Dr.  Klatzo 
in  recording  with  microelectrodes  from  tissue  culture  tech- 
nique by  means  of  a  specially  constructed  moist  chamber  de- 
signed by  Dr.  Li.   Dr.  Li  also  did  a  study  in  isolated  cere- 
bral cortical  tissue  and  other  tissue,  which  demonstrated 
that  cells  in  the  kidney  and  liver  are  not  electrically  ex- 
citable, but  that  the  resting  membrane  potentials  could  be 
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maintained  in  the  isolated  brain  cells,  but  that  electrical 
excitation  was  not  possible  in  the  cells  of  the  cortex  when 
they  were  isolated  from  the  body. 

Dr,  Li's  studies  with  microelectrodes  of  single  cells 
in  the  motor  cortex  of  the  cat  demonstrated  also  there  are 
two  types  of  nerve  cells  in  this  cortex;   first,  those  direct- 
ly related  to  motor  activity ^  and  second 5  those  related  to 
the  general  excitability  of  the  motor  cortex »   The  first 
could  be  activated  by  antidromic  volleys  initiated  in  the 
pyramid,  whereas  the  activity  of  the  second  was  suppressed 
by  the  activity  of  the  thalamus.   He  also  demonstrated  that 
re-excitation  of  cells  which  are  directly  concerned  with 
motor  activity,  hence  possible  epileptiform  discharges,  de- 
pend upon  the  activity  of  the  interneurones.   Since  the  ac- 
tivity of  the  interneurones  could  be  suppressed  by  stimula- 
tion of  the  thalamus,  stimulation  of  the  thalamus  caused  ab- 
sence of  re-excitation  of  the  motor  neurones.   This  was  pub- 
lished in  the  Surgical  Forum,  1957;,  Volume  7,  pages  548-549, 
also  in  the  Symposium  on  the  Reticular  Formation  on  the 
Brain J  which  is  now  in  press, 

Dr,  Dekaban  continued  his  studies  of  the  investiga- 
tion of  the  site  and  the  extent  of  lesions  involving  the 
central  nervous  system  in  cerebral  palsy  and  allied  con- 
ditions.  Of  34  extensively  studied  patients,  26  showed 
definite  abnormalities  in  contrast  studies.   Ten  percent  of 
these  patients  showed  pathology  consisting  of  congenital 
malformations  of  the  central  nervous  system.   In  30  percent 
there  was  evidence  of  focal  damage,  in  the  presence  of  atrophy, 
and  in  the  remaining  60  percent  the  abnormality  was  of  a 
generalized  diffuse  character.   Utilization  of  complement 
fixation  antibodies,  lipid  contents  in  cerebrospinal  fluid, 
special  retinal  studies,  estimation  of  amino  acids  in  urine, 
phenylalanine  in  the  blood,  and  genetic  assey  combined  with 
Dr,  Dekaban 's  neurological  assessment,  allowed  interpreta- 
tion of  etiological  diagnosis  in  25  out  of  a  total  of  42 
patients,  and  in  over  one-half  of  the  remaining  17  patients 
the  pathological  and  etiological  diagnosis  was  presumptive, 
and  in  ten  patients  only  symptomatic  diagnosis  could  be 
made.   In  this  study  Dr„  Dekaban  reports  5  publications.  He 
is  also  continuing  his  study  of  maternal  conditions  during 
pregnancy  and  the  course  of  birth  in  relation  to  neurological 
abnormalities  in  the  infants  and  pathologic  lesions  in 
products  of  abortion.   He  has  examined  and  assessed  21  percent 
of  a  total  of  4,480  infants,  which  leaves  him  still  with  a 
load  of  over  3,000  infants  to  be  evaluated  and  examined.   He 
feels  this  will  call  for  at  least  two  more  years  of  extensive 
work.   Sixty-five  embryos  were  processed  and  48  examined;  in 
15  percent  of  those  examined,  significant  pathology  was  en- 
countered.  He  is  also  continuing  his  studies  of  the  embry- 
ology of  the  mouse  brain  and  in  attempts  to  produce  congenital 
malformation  of  the  central  nervous  system  in  these  animals. 
An  atlas  of  the  normal  mouse  brain  has  now  been  prepared  and 
bound  and  it  is  currently  in  use  in  his  laboratory.   The 
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specimens  are  sectioned  serially  and  stained o   The  production 
of  malformations  by  x-radiation  has  continued o   He  has  been 
able  to  reproduce  10  percent  major  abnormalities  from  ir- 
radiated mothers.   He  has  also  continued  his  serial  patho- 
logical examinations  of  infants  and  children  dying  from  peri- 
natal conditions.   In  four  instances ^  the  central  nervous  sys- 
tem lesions  were  secondary  to  the  pathology  involving  cerebral 
blood  vessels.   In  three  there  is  a  primary  progressive  de= 
generation  of  the  central  nervous  system.   In  two  there  was 
wide-spread  neoplasia,  and  in  one  a  diffuse  fungal  infection. 
Two  children  showed  marked  congenital  malformations.   Finally 
Dr.  Dekaban  and  Dr.  Baird  have  carried  out  a  study  of  abnorm- 
alities  in  offspring  born  to  diabetic  mothers,  which  is  a 
continuation  of  the  study  of  Dr.  Dekaban  and  Dr.  Magee,  which 
will  be  published  shortly  in  the  Journal  of  Neurology.   To 
date  53  diabetic  mothers j  and  179  offspring  have  been  examined. 
Evaluation  of  this  study  is  yet  to  be  completed. 

Miss  Lewis  and  Dr .  Hall  have  reported  upon  the  anes- 
thesiology and  surgical  technicology  involved  in  the  separa- 
tion of  the  craniopagus.   Dr.  Hall,  Dr.  Norris,  and  Dr.  Van 
Buren  are  doing  an  extensive  study  of  respiratory  patterns  of 
patients  undergoing  major  intracranial  surgery,  and  Dr.  Hall 
and  Dr.  Norris  have  completed  the  first  parts  of  their  studies 
on  Fluothane  as  an  anesthetic  agent.   Dr,  Frost  has  completed 
a  report  on  the  effects  of  the  anterior  commissure,  psycho- 
logical affections  related  to  epileptiform  discharge  in  the 
temporal  lobej  and  on  patients  with  temporal  lobe  disease, 
with  particular  regard  to  perceptual  behavior j  attitude, 
language^  and  speech  reported  above.   He  has  also  joined  with 
Dr,  Dekaban  in  studying  the  intellectual  and  social  evalua- 
tion of  severely  mentally  retarded  cerebral  palsied  individuals 
Unfortunately,  at  the  time  of  writing  this  report,  Dr.  Frost 
has  left  the  Clinical  Investigative  Unit  to  undertake  work  in 
the  Juvenile  Court  of  the  District  of  Columbia.   This  position 
in  this  Section  now  must  be  filled. 

This  then  concludes  the  Branch  of  Surgical  Neurology. 
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The  Ophthalmology  Branch,  as  can  be  seen  from  Dr,  von 
Sallmann's  report,  has  received  impetus  in  four  changing 
fields —  first  in  the  recording  of  single  retinal  elements 
by  Dr.  Michaelangelo  Fuortes  since  his  appointment  as  Chief, 
of  the  Neurophysiology  Section;  second^,  the  utilization  of 
the  electron  microscope  to  better  understand  the  epithelial 
structure  of  the  lens  by  Dr.  Theodor  Wanko;  third,  the  addi- 
tion of  the  visiting  scientist  Dr.  E,  Dodt,  who  will  continue 
the  remarkable  work  of  Dr.  Bornschein  in  elect roretinography; 
and  fourth,  the  undertaking  of  tissue  culture  of  lens  protein 
to  further  understand  cataractic  agents. 

Specifically,  Dr.  von  Sallmann  reports  the  following 
advances  in  his  laboratory s 

Dr,  Fuortes  has  been  able  to  penetrate  the  single  cell 
of  the  limulus  retina  with  the  standard  glass  microelectro- 
pipette  of  approximately  1/2  micron  carrying  a  resistance  of 
approximately  100  megohms.   In  addition,  by  using  double  aeuro- 
electrodes  Dr.  Fuortes  has  been  able  to  pass  currents  into  the 
single  cell  of  the  limulus.   He  finds  that  the  greater  the 
intensity  of  the  stimulations  the  greater  is  the  frequency 
response  of  the  spikes  of  the  siagle  cell.   Unlike  the  anter- 
ior horn  cell  the  spike  does  not  fall  to  the  baseline  between 
successive  responses.   The  relationship  of  the  intensity  to 
the  frequency  is  that  of  the  base  log  10.   In  other  aspects, 
the  cell  of  the  limulus  retina  is  not  unlike  the  anterior 
horn  cell  studies  reported  by  Fuortes  and  Frank.   It  is  of 
interest  that  Dr.  Fuortes  is  able  to  also  vary  intensity 
of  stimulation  by  light  as  well  as  by  a  stimulating  current 
with  similar  results.   Such  results  are  exciting  in  that  a 
physiological  stimulus  is  reproducing  what  has  previously 
been  produced  in  the  laboratories  by  artificial  depolarizing 
currents.   Dr.  Peter  Gouras,  working  with  Dr.  Fuortes,  has 
been  working  with  the  toad  and  frog  retina.   In  this  retina 
it  is  impossible  to  date  to  apply  intracellular  methods  but 
extracellular  recording  have  been  recorded,  and  features  of 
unitary  responses  recorded  from  the  ganglion  cell  layer  again 
following  stimulation  with  light  of  different  intensities. 
A  systematic  analysis  of  the  slow  potentials  of  the  different 
layers  of  the  retina  of  the  frog  and  toad  are  now  under 
investigation.   It  is  felt  that  this  may  lead  to  a  further 
understanding  of  the  electroretinogram.   During  this  work 
it  was  observed  that  the  isolated  frog  retina  undergoes 
rhythmical  slow  changes  which  appear  to  be  in  many  respects 
similar  to  the  so-called  spreading  depressions  of  the  cerebral 
cortex.   In  summary,  in  the  Section  of  Ophthalmological  Physio- 
logy an  initial  attempt  is  being  made  to  understand  single 
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uait  responses  in  much  the  same  way  as  has  been  the  spinal 
cord  and  cortex  in  the  past.   Dr.  Fuortes  has  continued  in 
part  with  his  collaborative  work  with  Dr.  Kay  Frank  of  the 
Spinal  Cord  Section  of  the  Branch  of  Neurophysiology  and 
this  is  reported  in  Dr.  Frank's  summary. 

As  was  pointed  out  by  Dr.  von  SallmanUj  four  of 
Dr.  Bornschein's  publications  appeared  in  1957  and  the 
Laboratory  of  Electroretinography  has  continued  to  show 
remarkable  productivity.   Coabined  with  this  has  been  the 
design  and  utilization  of  an  adaptometer  which  premits 
perimetric  measurements  of  light  sense  threshold  by  Dr. 
Gunkel.  This  allows  a  "retinal  sensitivity  profile"  to  be 
made  out  about  50°  from  the  macula.   Approximately  150 
patients  have  been  tested  upon  this  device  concurrently 
with  electroretinograms.   By  utilization  of  red  filter 
on  the  test  spot  one  can  obtain  a  nearly  pure  cone  response 
and  with  a  blue-filter  a  nearly  pure  rod  response.   Normals 
have  been  established  for  the  relative  height  and  form  of 
these  dark  adaptation  curves  and  striking  deviations  found 
in  certain  diseases  by  Dr.  Goodman  and  Dr.  Gunkel.  Special 
emphasis  has  been  placed  by  these  investigators  upon  condi- 
tions in  which  there  is  a  selective  adaptation  of  the 
scotopic  (rod)  or  photopic  (cone)  receptors.   Several  major 
findings  are  reported  by  these  investigators.   The  first  is 
that  a  extenguished  or  negative  ERG  is  not  necessary  for  a 
diagnosis  of  retinitis  pigmentosa  in  that  in  the  early  stages 
of  these  conditions  there  may  be  an  intact  scotopic  response 
with  an  absent  or  severely  depressed  photopic  response.   By 
studying  families  with  this  disorder  this  confirms  the  fact 
that  the  ERG  may  be  abnormal  several  years  before  the  appear- 
ance of  fundus  abnormalities  in  retinitis  pigmentosa  and 
before  the  patients  are  old  enough  to  be  tested  by  subjective 
methods . 

As  noted  in  Med.  Neuro.  report  on  Tay-Sach's  disease; 
(i.e.  infantile  lipidosis)  the  ERG  was  found  to  be  within 
normal  limits  in  keeping  with  the  fact  that  the  major  path- 
ology is  found  in  the  ganglion  cells.   In  the  juvenile  form 
of  amaurotic  familial  idiocy  the  ERG  was  found  to  be  severely 
altered  even  during  the  early  stage  of  this  condition  when 
the  only  clinical  manifestation  was  macular  degeneration. 
This  is  consistent  with  the  histological  evidence  that  the 
outer  nuclear  layer  is  the  site  of  the  greatest  damage. 

Finally,  in  studies  of  patients  with  congenital  night 
blindness  without  fundus  changes  or  in  Oguchi's  disease  (con- 
genital night  blindness  with  fundus  changes)  new  information 
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has  been  accuimnulated  through  these  three  methods  of  adapto- 
laetric,  perimetric  light  sense j  and  electroretinographic 
investigations  to  show  that  the  discrepancy  which  has  appear- 
ed in  some  cases  between  subjective  tests  and  the  electro- 
retinogram  suggest  that  the  defect  in  the  individual  cases 
of  congenital  night  blindness  may  be  located  in  different 
retinal  structures.  Dr.  Copenhaver  and  Dr.  Gunkel  will 
continue  these  studies  along  with  Dr.  Dodt  after  the  loss 
of  Dr.  Goodman.   Dr.  Dodt,  who  has  just  arrived  as  a  visiting 
scientist,  will  be  studying  the  relative  spectral  sensitivity 
curve  in  deeply  pigmented  and  albinotic  hiiman  eyes  by  means 
of  human  electroretinographyo   The  acknowledgement  of  the 
work  of  this  Branch  is  noted  in  the  referral  of  patients 
from  Johns  Hopkins,  Walter  Reed^  and  the  Navy  Medical  Center 
to  further  elucidate  complex  otherwise  undiagnosed  diseased 
entities  of  the  retina. 

Dr.  von  Sallmann  and  Dr.  Maori  are  continuing  their 
investigations  on  intra-ocular  pressure  in  its  relation  to 
glaucoma.  The  work  of  Dr.  von  Sallmann  in  demonstrating 
efferent  pathways  originating  from  or  passing  through  the 
diencephalon,  which  upon  stimulation  caused  isolated  eye 
pressure  responses,  was  recently  confirmed  at  the  Institute 
of  Ophthalmology  in  London.   Dr.  von  Sallmann,  Dr.  Maori, 
and  Dr.  Fuortes  are  now  turning  their  attention  to  the 
afferent  pathways  and  intra-ocular  pressure  receptors,  under 
the  assumption  that  the  presence  of  such  elements j  would 
strengthen  the  concept  of  a  reflex  regulating  role  of  nervous 
mechanism  on  intra-ocular  pressure.   Experiments  were  carried 
out  on  cats  and  a  small  series  of  Rhesus  monkeys.   Action 
potentials  were  led  off  from  the  ciliary  nerves  after  exposure 
of  the  posterior  pole  of  the  globe.   Two  27-gauge  needles  were 
inserted  in  the  anterior  chamber  at  the  limbus  through  which 
microvolumes  of  saline  could  be  injected  or  through  which 
intra-ocular  pressures  could  be  continuously  recorded  on  a 
Sanborn  unit.   In  about  20%  of  preparations,  induced  action 
potentials  could  be  recorded  from  the  ciliary  nerves  upon 
increase  of  intra-ocular  pressure. 

Calculations  of  the  facility  of  the  outflow  of  the 
aqueous  are  based  upon  tonographic  readings  and  assume  upon 
the  Friedenwald  formula  that  the  rigidity  of  the  eye  remains 
constant  in  all  pressure  ranges.   To  test  the  use  of  pharma- 
cological drugs  upon  intra-ocular  pressure  it  would  have  to 
be  shown  that  such  rigidity  is  constant.   Dr.  Macri  has  shown, 
however,  that  the  rigidity  changes  with  intra-ocular  pressure 
and,  therefore,  the  results  of  tonographic  measurements  have 
to  be  re-interpreted  and  corrected.   The  estimation  of  the 
aqueous  outflow  by  a  simple  technique  as  described  by  Dr. 
Macri  will  greatly  facilitate  pharmacological  studies  of  the 
intra-ocular  pressure.   Dr.  Macri  suggests  that  a  modification 
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of  the  Bulk  modulus  be  used  to  indicate  rigidity  which  is 
in  line  with  the  physical  principal  generally  used  to  ex- 
press elasticity o   The  Bulk  modulus  is  usually  expressed 

as  K=  ^^P  and  signifies  the  elasticity  of  a  body  when  pres- 

dV 
sures  are  exerted  equally  over  all  sides.   Since  the  volume 
of  the  human  eye  is  percentage-wise  affected  very  little  by 
volume  changes  of  the  order  of  100  cu/mrn,  then,  this  variable 
might  be  considered  a  constant  when  incorporated  into  the  K 
of  the  Friedenwald  formula.   It  is  anticipated  that  this 
will  lead  to  modifications  in  the  diagnosis  and  treatment 
of  patients  with  glaucoma. 

Dr.  Maori  J  by  having  these  methods  for  simultaneous 
recording  of  intraocular  pressure  with  muscle  tension  and 
electromyograms  of  the  inferior  oblique  muscle  5,  was  able  to 
study  the  effect  of  muscle  relaxants  on  intraocular  pressure 
and  extraocular  striate  muscle.   He  found  that  both  succinyl- 
choline  and  decamethonium  increase  intraocular  pressure  by 
inducing  a  contraction  of  the  extraocular  muscles o   Low  doses 
cause  a  tetanic  contraction  and  large  doses  a  contracture 
of  such  muscles.   More  recent  experiments  have  shown  that 
these  agents  not  only  increase  intraocular  pressure  j,  but 
affect  elasticity  of  the  eye.   This  Laboratory  has  also 
found  that  Diamoxj  which  is  used  to  decrease  intraocular  pres- 
sure, occasionally  increase  it.   These  studies  of  increased 
intraocular  pressure  were  correlated  with  anatomical  studies 
on  the  innervation  of  the  anterior  chamber  angle  by  Dr. 
Holland  and  co-workers.   These  investigators  showed  that  the 
neural  components  at  the  anterior  chamber  angle  were  derived 
from  the  sympathetic  and  parasympathetic  divisions  of  the 
autonomic  nervous  system  and  the  fifth  cranial  nerve.   They 
feel  it  is  not  unlikely  that  some  of  the  intraocular  pres- 
sure receptors  are  represented  by  the  arborizing  axons  ter- 
minating in  the  structures  of  the  angle. 

Work  on  cataractic  agents  and  lens  proteins  was  under- 
taken in  at  least  four  sections  of  Dr.  von  Sallmann's  labo- 
ratories.  In  the  Section  of  Ophthalmological  Chemistry ,  Dr. 
Resnikj  by  utilization  of  ultracentrifuge  and  electrophoresis, 
was  able  to  demonstrate  the  physical-chemical  characteristics 
of  alpha  crystallin.  which  he  has  obtained  in  a  preparation 
of  high  purity.   Dr.  von  Sallmann  feels  this  work  appears  to 
be  outstanding  when  compared  with  other  protein  studies  of 
the  lens.   Dr.  Resnik  characterizes  alpha  crystallin  as  having 
a  sedimentation  coefficient  of  18,8  x  lO"-'-'^,  a  diffusion  co- 
efficient of  1.78  X  10" '^j  an  apparent  specific  volume  of  0.74, 
and  a  molecular  weight  of  1  x  10^.   He  also  feels  from  visco- 
sity studies  this  substance  behaves  as  a  typical  polyelectro- 
lyte  and  that  its  viscosity  increases  at  higher  dilutions  be- 
tween pH  3  and  pH  10.   At  a  pH  2.5  in  the  presence  of  0.1 
molur  NaCl  alpha  crystallin  forms  a  rather  viscous  solution. 

Dro  Resnik  has  been  joined  by  Dr.  Kuhlman  in  an  inves- 
tigation of  the  enzymatic  systems  in  the  cornea  and  lens. 
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Their  objectives  are  (1)  to  study  the  activity  of  the  various 
enzyme  systems  in  the  cornea  and  lens  at  various  stages  of 
development,  (2)  to  study  the  enzymatic  activity  of  corneal 
epithelium  after  exposure  to  x-radiation,  and  (3)  to  develop 
a  micro-chemical  method  for  the  assay  of  glutathione  reduc- 
tase.  These  are  micro-chemical  techniques.   The  systems 
studied  are  isocitric-,  glucose-6-phosphate- s  glutamic-  and 
lactic  dehydrogenases.   In  addition,  hexokinase  and  aldolase 
will  be  studied.   They  have  shown  that  at  birth  the  rat  eye 
is  enzymatically  less  active  than  at  a  later  stage  of  de- 
velopment.  Corneal  epithelium  increases  while  corneal  stroma 
decreases  in  activity ,  that  the  lens  capsule  plus  epithelium 
reaches  higher  levels  of  activity  than  does  the  lens  cortex, 
and  that  the  lens  nucleus  has  a  very  low  level  of  activity. 
This  micro-chemical  method  was  introduced  by  0.  H.  Lowry, 
and  is  particularly  suitable  to  the  work  on  lens  and  cornea. 

Additional  work  on  the  submicroscopic  structures  of 
lens  tissue  components  are  being  carried  out  by  Dr.  Aronson 
and  D  .  von  Sallmann  with  phase  contrast  microscopy  by  use 
of  tissue  culture  techniques.   Dispersed  lens  epithelial 
cells  will  be  studied  on  slides  and  suspension  cultures; 
single  cells  will  be  studied  by  phase  and  bright  field  tech- 
niques.  Cataractogenic  agents,  such  as  dinitrophenolj  al- 
loxan, and  galactose,  will  be  employed  in  the  profusion  of 
the  tissue  culture.   Organ  cultures  of  whole  lenses  and  of 
lens  components  have  been  cultivated  by  the  raft  technique. 

Dr.  von  Sallmann  has  continued  his  studies  on  diet 
and  drug  induced  experimental  cataracts  and  feels  that  in  the 
alloxan  cataract  the  histological  changes  in  the  early  stages 
were  limited  to  the  anterior  cortical  layer  and  consisted  o  f 
a  hydropic  swelling  of  the  lens  fibers  with  subsequent  dis- 
integration of  the  cytoplasm  and  proliferation  of  the  epithe- 
lium.  It  was  of  interest  that  the  degenerative  areas  do 
not  lose  capacity  to  form  new  healthy  leas  fibers  despite 
the  severe  damage  to  neighboring  structures.   In  the  use  of 
mimosine,  lens  opacities  became  visible  when  the  animal  had 
been  on  the  diet  5-7  days.   Histologically  the  corneas  showed 
proliferation  of  the  epithelium  particularly  at  the  periphery 
and  partial  separation  of  the  epithelium  from  the  underlying 
stroma  by  protein  containing  fluid  and  occasional  invasion 
of  the  stroma  by  inflammatory  cells.   The  outstanding  find- 
ings in  the  lens  is  centered  at  the  germinating  cells  at 
the  equator.   Here  hydropic  swelling  of  the  cytoplasm  of 
these  cells  was  followed  by  massive  proliferation  of  epithe- 
lial cells  bulging  into  the  lens  corte^k  not  unlike  neoplastic 
cells.   In  contrast  to  the  alloxan  induced  opacities,  the 
damage  involved  initially  the  equatorial  cells  of  the  sur- 
face epitheliiam.   The  cataract  process  spread  from  here  into 
the  anterior  and  later  the  posterior  cortex. 

Finally,  to  understand  cataracts  more  clearly  a  study 
of  the  lens  epithelium  and  fibers  of  the  lens  on  the  epithelium 
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of  the  ciliary  body  has  been  underway  with  the  utilization 
of  the  electron  microscope  by  Dr.  Theodor  Wanko,  who,  in  his 
report  has  described  in  detail  the  ultrastructures  of  the 
lens  epithelium  and  capsule  with  the  electron  microscope. 
This  Laboratory  is  in  addition  studying  myelinization  of 
the  optic  nerve  at  various  embryonic  age  levels  and  carry- 
ing on  the  ultrastructure  pathology  of  muscle  disease.  In 
the  latter  two  studies,  Dr.  Wanko  is  joined  by  Dr.  J.  Godwin 
Greenfields  Visiting  Scientist  from  England. 

The  position  of  Chief,  Ophthalmic  Bacteriology  has  not 
yet  been  filled.   However,  the  work  initiated  by  Dr.  Tanaka 
and  Dr.  O'Connor  has  been  continued  by  Dr.  Kaufman,  Dr.  Leon 
Jacobs  of  the  Microbiological  Institute,  and  Dr.  Huebner. 
Dr.  O'Connor's  use  of  the  agar  diffusion  test  on  aqueous 
humor  samples,  applied  by:  Dr.  Tanaka  to  virus  studies,  made 
a  valuable  contribution  to  the  field  of  uveitis.   Dr.  Kaufman 
is  utilizing  amniotic  cells  for  culture  of  viruses  and  feels 
that  he  can  differentiate  various  APC  and  EKC  viruses  by  this 
technique.   The  laboratory  studies  of  Dr.  O'Connor  on  toxoplasma 
precipitating  antibodies  have  resulted  in  many  patients  being 
referred  to  this  Branch  as  cases  of  uveitis  of  possible  toxo- 
plasma etiology.   Dr.  O'Rourke  is  following  these  cases  and 
has  directed  his  endeavors  to  the  evaluation  of  the  hormonal 
state  of  uveitis  patients  particularly  their  thyroid  function. 
The  initial  studies  seem  to  indicate  that  there  may  be  an 
imbalance  of  thyroid  function  in  a  high  percentage  of  such 
patients  with  uveitis.   This  may  explain,  in  part,  the  inter- 
mittent flare-ups  in  such  diseases.   Dr.  O'Rourke  has  also 
continued  his  work  on  radioisotope  uptake  of  intraocular  tumors, 
but  feels  now  that  Zinc^^  and  lodine^*^-'-  show  greater  uptake 
in  the  S-91  melanoma  of  mice,  than  does  P-32.   However,  there 
is  as  yet  no  suitable  scanning  technique  for  these  two  sub- 
stances in  the  eye.   Dr.  O'Rourke  reports  one  case  in  which 
incision  of  the  sclera  and  rotation  of  the  globe  allowed  a 
specific  uptake  with  P-32  to  be  detected.   In  the  section  of 
Histology,  the  number  of  pathological  specimens  was  increased 
with  the  resulting  description,  for  the  first  time,  of  sickle 
cell  retinopathy.   Interesting  tumor  cases  were  studied  also 
in  cooperation  with  Dr.  Lew  Thomas  of  Surgical  Pathology,  of 
the  National  Cancer  Institute.   The  sickle  cell  retinopathy 
hemoglobin  electrophoresis  was  carried  out  in  the  laboratory 
of:  Dr.  Itano,  of  the  National  Institute  of  Arthritis  and 
Metabolic  Diseases,  who  established  a  diagnosis  of  sickle  cell 
hemoglobin  C  disease  in  three  patients,  and  sickle  cell  hemo- 
globin D  disease  in  another.   Fundus  changes  included  retinitis 
poliferans,  aneurysms,  arborizing  vascular  networks,  sheathing 
and  obstruction  of  arterioles  and  peretinal  hemorrhages  closely 
simulating  retinal  tears.   The  results  support  the  postulate 
that  hemoglobins  S  and  C  are  allelic  or  closely  linked.   The 
productivity  of  this  Branch  has  continued  during  the  past  year, 
and  as  Dr.  Von  Sallmann  has  pointed  out,  in  the  year  1957, 
fourteen  papers  were  published,  or  are  in  press. 
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Dro  Ajmone-Marsan  has  continued  his  work  on  metrazol 
activation  which  has  resulted  in  the  publication  of  a  mono- 
graph by  Charles  C.  Thomas  5  and  in  addition  has  continued  his 
work  upon  the  disease  of  the  thalamic  projective  system  and 
mechanisms  of  seizure  discharges.   Dr,  Ajmone-Marsan  was  able 
to  recruit  Dr,  del  Castillo  as  Head  of  the  Section  of  Clinical 
Neurophysiology o   As  Dr„  del  Castillo  is  an  international 
expert  in  the  field  of  microelectrode  recordings  and  elucida- 
tion of  neural  transmission  as  well  as  recording  from  single 
cells,  it  is  obvious  that  he  will  be  of  great  aid  to  the 
Institute  J  and  to  Dr.  Ajmone-Marsan. 

Specifically,  the  laboratory  of  Electrencephalography 
and  Clinical  Neurophysiology  reports  the  following  projects; 

Dro  Ajmone-Marsan  and  Dr,  Baldwin  have  completed  their 
study  of  the  mechanism  of  transition  of  inter-ictal  spiking 
foci  into  ictal  seizure  discharges.   They  have  made  the  perti- 
nent observation  that  seizures  generally  arise  from  those 
random  spikes  which  are  followed  by  an  af terdischargej  and 
not.  as  is  commonly  believed,  by  a  greater  concentration  of 
spiking  activity  at  the  stie  of  random  spikes.   Thus  they 
feel  that  the  inter-ictal  random  spike  and  rhythmical  seizure 
discharge  are  intimately  and  specifically  related  to  the 
genesis  of  an  epileptic  seizure,  rather  than  the  former  being 
only  an  expression  of  a  latent  epiljptic  condition  but  unrelated 
to  the  seizure  per  se.   These  observations  reported  on  animals 
will  be  of  use  in  electrocorticography  in  the  operating  room 
on  human  patients.   Dr.  Ajmone-Marsan j  Dr.  Abraham,  and  Dr. 
Mateos  are  continuing  their  photographic  recording  of  seizures 
precipitated  by  intravenous  metrazol.   In  this  they  are 
utilizing  a  series  of  single  frames  spaced  2  seconds  apart, 
the  rhythmical  opening  of  the  shutter  of  the  caiaera  being 
controlled  by  a  timer  which  simultaneously  sends  a  signal  which 
is  recorded  in  the  EEG  tracing.   This  enables  them  to  have 
a  continuous  photographic  recording  of  all  the  pre-ictal,  ictal, 
and  post-ictal  events  j,  and  in  additions  an  exact  correlation 
of  such  events  with  electrographic  changes.   Over  75  subjects 
are  now  recorded  by  this  methodology  and  Dr.  Ajiaone-Marsan 
feels :  at  this  time,  there  is  a  possibility  of  preparing  an 
Atlas  to  illustrate  the  variability  of  focal  cerebral  seizures 
so  recorded. 

Dr.  Ajmone-Marsan s  Dr.  Abraham j  and  Dr.  Van  Bur en  are 
continuing  their  studies  of  chronic  indwelling  electrodes  and 
the  relationship  of  recording  from  the  cortex  as  compared  to 
the  relationship  of  recording  from  the  scalp.   Information 
was  obtained  concerning  the  morphology  and  topography  of  the 
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discharge  at  various  levels,  ice.,  extradural,  cortical  and 
depth,  and  the  chronological  relationship  of  the  epilepti- 
form discharges  in  the  same  side  and  in  the  two  sides.   It 
was  found  that  a  considerable  number  of  epileptiform  discharges 
present  on  the  cortex  are  recorded  from  the  indwelling  elec- 
trodes, but  not  recorded  in  a  routine  EEG.   A  certain  number 
of  discharges  will,  instead,  also  be  recorded  with  the  routine 
EEG.   Their  amplitude  appears  to  be  directly  proportional  to 
that  of  the  cortical  discharges.   Another  group  of  abnormalities, 
however,  will  be  recorded  with  the  routine  scalp  electrode  and 
their  amplitude  is  definitely  not  related  to  that  of  the  original 
discharges.   The  relation  of  the  amplitudes  of  the  cortical  to 
the  scalp  is  variable.   The  values  may  oscillate  as  high  as  58 
to  1,  to  as  low  as  2  to  1.   It  was  found  that  the  method  for 
recording  from  the  scalp,  i.e.  bipolar  or  monopolar j  and  the 
position  of  the  "indifferent"  electrodes  are  important  factors 
in  determining  the  values  of  these  ratios.   The  size  of  the 
cortical  area  involved  in  the  discharge  also  appeared  important 
in  determining  the  presence  and  amplitude  of  the  projected 
discharge  upon  the  scalp.   Cortical  spikes  did  not  seem  to 
project  any  more  easily  or  constantly  than  cortical  paroxysmal 
waves.   The  duration  of  the  spike  itself  was  immaterial  in  the 
process  of  the  spread.   Regardless  of  the  amplitude  of  the 
original  cortical  discharge,  the  voltage  variations  of  the 
event  projected  to  the  scalp  are  comparable  to  those  of  the 
event  simultaneously  projected  to  the  deeply  located  structures. 
Such  studies  as  these  are  obviously  of  importance  in  understand- 
ing of  the  scalp  electroencephalogram,  and  its  origin. 

Dr.  Marsan,  in  addition,  in  collaboration  with  Dr.  Tradhan, 
and  Dr.  Enomoto,  and  Howard  University,  has  been  carrying  on 
investigations  with  chlorambucil  (CD  1348).   The  interest  in 
this  drug  was  aroused  by  the  fact  that  the  electrographic  pattern 
elicited  is  quite  comparable  to  that  observed  in  the  human 
epilepsy  of  petit  mal  type.   Only  about  10  experiments  have 
been  carried  up  to  the  present  time,  and  no  definite  findings 
are  reported  by  Dr.  Ajmone  Marsan.   However,  such  investigations 
would  appear  quite  promising  in  view  of  the  fact  that  no  other 
drugs  are  known  to  produce  such  typical  EEG  changes. 

In  the  basic  laboratory  of  Electroencephalographic 
Research,  Dr.  Enomoto  has  carried  on  further  investigations 
on  the  functional  anatomy  of  the  non-specific  system  of  the 
thalamus,  with  particular  emphasis  on  the  bilateral  influence 
of  this  system.   Lesions  were  made  in  various  subcortical 
structure  with  a  high  frequency  coagulator.   Stimulation  by 
square  pulses  of  varying  duration,  voltage  and  frequency  were 
provided  by  the  Grass  stimulator.   Cortical  recordings  were 
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raade  by  the  oscilloscope  and  with  ink-writing  techniques. 
Dr.  Enomoto  reports  that  although  it  is  commonly  stated 
that  stimulation  of  the  non-diffuse  thalamic  system  yields 
bilaterally  synchronous  and  diffuse  responses ,  that  in 
practice  this  is  not  always  true,  and  very  often  ipsilateral 
responses  were  elicited.   By  a  careful  detailed  study,  he 
has  been  able  to  outline  those  nuclei  whose  stimulation 
preferentially  produces  unilateral  responses  and  those  which, 
instead,  produce  bilateral  synchronous  responses.   He  found 
that  as  expected  the  bilateral  responses  to  be  more  common 
after  stimulation  near  the  midline ^  but  stimulation  of 
structures  located  as  far  as  3  ram  from  the  midline  could 
still  yield  good  contralateral  responses.   However,  the 
so-called  bilateral  synchrony  is  far  from  perfect,  and  in 
fact  latencies  of  up  to  15  sec  can  be  observed  between  the 
ipilateral  and  contralateral  recruiting  responses.   It  appears 
that  the  anterior  portion  of  the  massa  intermedia  appears  to 
be  the  most  important  pathway  to  the  bilateral  effect,  however, 
the  corpus  callosum  also  seems  to  play  a  role,  though  not  an 
exclusive  one,  in  the  bilateral  mechanism. 

Dr.  Marsan,  in  addition,  carried  on  collaborative 
projects  with  Dr.  Mirsky  of  the  National  Institute  of  Mental 
Healths  on  a  comparison  of  patients  with  focal  and  non-focal 
epilepsy  on  a  test  of  attention.   This  will  be  reported  by 
that  Institute.   He,  in  addition,  carried  on  electroencephalo- 
graphic  concommittent  record  with  autonomic  recordings  from 
epileptic  patients  with  Dr.  John  Van  Buren.   This  will  be 
reported  in  the  Branch  of  Surgical  Neurology,  by  Dr.  Van 
Buren. 

This  Branch,  during  the  current  year,  carried  out  a 
total  of  1,557  electroencephalograms.   These  are  booken  down 
as  follows: 

National  Cancer  Institute  370 

National  Heart  Institute  30 

Nat'l  Inst.  Arthritis  &  M.  D.  68 

Nat'l  Microbiology  Inst.  52 

Nat'l  Insto  of  Mental  Health  38 

NINDB  999 

In  collaboration  with  the  Branch  of  Neurological  Surgery j  26 
electrocorticographical  studies  were  performed  during  surgical 
exposure  of  the  cerebral  cortex  in  epileptic  patients.   In 
addition,  on  ten  subjects  extensive  studies  were  carried  out 
with  chronically  implanted  electrodes  within  the  depth  of  the 
brain  and  simultaneously  in  the  cortical  surface.   Due  to  the 
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increasing  load,  a  third  EEG  apparatus  is  now  in  function 
in  the  Outpatient  Department.   The  Section  on  Clinical 
Neurophysiology,  under  Dr,  del  Castillo,  is  just  now 
organizing.   Dr.  del  Castillo  has  projected  two  studies 
into  the  future  year.   The  first  of  these  is  excitation 
of  medullated  nerve j,  in  particular  in  the  frog,  toad,  and 
mouse.   This  will  be  done  on  isolated  motor  nerve  with  single 
nodes  of  Ranvier  separated  from  the  adjacent  nodes  by  seals 
which  create  high  external  resistance.   The  potentials  gen- 
erated across  the  nodal  membrane  under  study  will  be  amplified 
and  recorded  by  means  of  a  curcuit  provided  with  a  negative 
capacity  input  stage.   One  of  the  adjacent  nodes  will  be  used 
as  a  recording  probe  into  the  inside  of  the  central  node  while 
the  other  will  serve  to  inject  the  electric  currents  needed 
to  stimulate,  polarize  and  "clamp"  its  membrane.   Compared 
to  the  large  unmyelinated  nerve  studies  done  previously ^  this 
will  be  a  meticulous  and  difficult  piece  of  work.   Dr.  del 
Castillo  has  already  published  on  this,  and  his  work  at  the 
Massachusetts  Institute  of  Technology,  has  shown  that  the 
"voltage  clamp"  methods  used  by  Hodgkin,  Huxley  and  Katz 
to  study  the  membrane  currents  flowing  in  giant  squid  axons 
during  excitation  process  can  be  successfully  applied  to  the 
vertebrate  nerve.   The  initial  results,  however,  show  the 
existence  of  important  differences  between  patterns  of  current 
flow  in  myelinated  as  against  non-myelinated  nerve  fibers. 
Finally,  Dr.  6.3!   Castiloo  will  be  doing  work  on  presynaptic 
transmission,  at  both  the  nerve-muscle  junction  and  at  the 
motoneurons  of  the  spinal  cord.   He  will  attempt  to  find 
substances  which  influence  the  liberation  of  the  chemical 
transmitter,  and  to  develop  new  methods  for  the  investigation 
of  the  mechanism  of  action  of  those  so  far  known.  The  frog 
nerve  muscle  junction  is  the  synapsis  which  he  intends  to  use 
because  of  its  easy  access,  and  the  large  size  of  the  post- 
synaptic cell,  and  the  possibility  of  direct  microscopic 
observation  of  the  motor  nerve  endings.   He  will  again  use 
intracellular  capillary  micro-electrodes  to  record  potential 
changes  at  the  end-plate  membrane.   lonophoretic  methods 
will  be  used  to  apply  substances  to  localized  spots  of  the 
nerve  endings.   The  substances  which  he  plans  to  use  are 
barium  ions  spider  venoms  a-^d  hemicollinium. 

The  Clinical  Investigations  Unit  again  acknowledges 
the  support  and  loyalty  of  the  nursing  service  under  the 
direction  of  Miss  Hulbert.   The  constant  support  and  coopera- 
tion of  the  x-ray  department,  clinical  pathology,  and  anatomic 
pathology  is  also  gratefully  recognized.   The  instrument  shop 
has  proven  invaluable  in  completing  the  various  research  projects, 

Problems  are  not  materially  different  from  those  listed 
in  the  last  Annual  Report  (1956)  with  one  exception.   As  more 
and  more  pathological  material  is  sent  to  the  institute  in 
particular  in  the  cerebral  palsy  program,  storage  space  will 
become  a  serious  problem.   It  is  recommended  that  some  long 
term  plan  be  considered  to  solve  the  problem  of  storage  and 
care  of  small  animals. 


AWARDS,  RECOGNITIONS,  AND  ACTIVITIES 

Staff  Appointments  to  Universities: 

Dr.  G.  Milton  Shy,  Associate  Clinical  Professor  of  Neurology, 
Georgetown  University 

Dr.  Maitland  Baldwin,  Associate  Clinical  Professor  of  Neuro- 
surgery, Georgetown  University 

Dr.  Donald  B.  Tower,  Associate  Clinical  Professor  of  Neurology 
and  Associate  Professor  of  Biochemistry, 
Georgetown  University 

Dr.  Cosimo  Ajmone-Marsan,  Instructor  in  Clinical  Neurology, 
Georgetown  University 

Dr.  Glenn  Drager,  Associate  Clinical  Professor,  Georgetown 
University 

Dr.  Nelson  Richards,  Instructor,  Georgetown  University 

Hospital  Consultants; 

Dr.  G.  Milton  Shy,  U.S.  Medical  Naval  Center,  Bethesda,  Md . , 

and  D.C.  General  Hospital,  Washington,  D.C. 

Dr.  Maitland  Baldwin,  U.S.  Medical  Naval  Center,  Bethesda,  Md. 

Dr.  Glenn  Drager,  D.C.  General  Hospital,  V/ashington,  D.C. 

Dr.  Nelson  Richards,  D.C.  General  Hospital,  Washington,  D.C. 

Awards  and  Honors : 

Dr.  Donald  B.  Tower,  Elected  chairman,  Section  on  Neurochemistry, 
American  Academy  of  Neurology,  1957=1959 

Mr.  Frederich  Meiller,  Special  Act  Award,  for  his  photographic 
contributions  to  the  Atlas  on  Muscle  Patho- 
logy 


ORP-2  Calendar  Year  1957 

TEACHING 
NATIONAL  INSTITUTE  OF  NEUROLOGICAL  DISEASES  AND 
BLINDNESS 
CLINICAL  RESEARCH 


With  the  increase  in  number  and  type  of  disorders 
studied  within  the  clinical  unit,  it  has  become  apparent 
that  this  unit  can  service  a  three-year  residency  pro- 
gram in  Neurology.   Consequently,  such  forms  were  placed 
before  the  American  Medical  Association,  and  the  Board  of 
Psychiatry  and  Neurology,  and  this  unit  was  examined  in 
the  early  part  of  November,  1956,  and  again  in  July,  1957. 
To  date  no  official  report  has  been  received  by  the  Ameri- 
can Medical  Association. 

The  additional  responsibilities  of  the  unit  are  re- 
cognized with  such  a  teaching  program.   The  prime  aim  of 
the  program  as  established  four  years  ago,  however,  still 
holds.   Thus  we  feel  that  we  should  accept  at  this  Insti- 
tute only  clinicians  v/ho  are  going  to  academic  posto  and 
whom,  in  addition  to  training  as  clinical  neurologists, 
we  may  also  give  training  in  research  techniques  to  use 
in  the  laboratory  of  their  subsequent  position. 

Due  to  the  nature  of  research  carried  on  in  the  Clini- 
cal Investigations  Unit  of  the  Institute,  the  majority  of 
young  neurologists,  neurosurgeons,  and  ophthalmologists  join- 
ing us  should  have  one  to  tv/o  years  of  training  in  their 
specialty  before  coming  to  Bethesda.   The  teaching  program 
for  these  individuals  in  the  past  year  has  been  as  follov/s: 

Clinical  teaching  on  each  patient  admitted 

Didactic  and  laboratory  exercises  in  neuroanatomy, 
neuro-ophthalmology,  neuroradiology,  neurophysiology, 
neuropathology,  and  biophysics. 

In  addition,  journal  clubs  have  been  held  at  regular 
intervals.   It  is  our  hope  by  this  method  to  turn  out  an 
individual  who  can  apply  basic  science  to  clinical  problems, 
and  to  have  an  individual  also  proficient  in  one  or  more 
research  techniques  that  he  may  utilize  in  his  3ubt:;equent 
academic  position. 


Annual  Report 

Medical  Neiurology  Branch 

National  Institute  of  Neurological 

Diseases  and  Blindness  October  1957 


SUMMARY 


The  Administrative  changes  in  the  Branch  of  Medical 
Neurology  comprised  the  following: 

First,  the  transfer  of  the  Section  of  Neurophysi- 
ology to  the  Branch  of  Electroencephalography;  and  secondly, 
the  next  two  months  will  see  fulfillment  of  activation  of 
all  sections  with  the  arrival  of  the  neuroradiologist, 
Dr,  Giovanni  Di  Chiro,  who  comes  with  an  impressive  train- 
ing; and  the  return  to  this  Branch  of  Dr,  Gunter  Haase, 
after  a  further  period  of  training  abroad j  as  associate 
neurologist,   T&is  fills  positions  of  all  senior  inves- 
tigators within  the  Branch » 

The  Branch,  over  the  past  year^  has  admitted  167 
patients  for  a  total  of  4,223  patient  days,  averaging 
25 o4  patient  days  per  subject „   Studies  continued  in 

neuromuscTnlar  disorders,  in  particular  muscular  dystro- 
phy, dystrophia  myotonica,  myositis,  myasthenia  gravis, 
etc.   The  main  reason  for  this  again  was  the  availability 

of  tissue  to  study.   In  addition  t©  this,  smaller  pro- 
jects were  undertaken  in  demyelinizing  diseases.,  myoclonus 
type  of  seizures  and  their  relationship  to  the  cerebellum, 

metabolism  of  heavy  metals  in  Wilson's  disease,  neuro- 
chemical studies  on  patients  with  pfeenylketonuria,  and 
combined  studies  with  the  ©phthalmological  unit  on  the 
cerebromacular  lipidosis. 

Specifically,  studies  done  within  this  Branch  are 
as  follows; 

In  the  Section  of  Neuropharmacologyj  Dr,  Irwin 
amd  Dr.  Wells  are  continuing  their  studies  of  competitive 

and  depolarizing  blockading  compounds  at  the  neuromus- 
cular junction.   Standard  manometric  techniques  are 
utilized  in  determining  muscle  cholinesterase  activity; 
blood  plasma  and  red  cell  cholinesterase  are  determined 

by  the  poteniometric  method  of  Michel,   A  cross  circu- 
lation preparation  is  utilized  in  these  studies  in  which 
the  blood  of  one  animal  is  made  to  profuse  the  leg  of 
another  animal,   ThuSj,  the  manipulations  of  blood  and 
tissue  cholinesterase  activity  of  the  two  animals  and 
the  recording  of  changes  in  the  neuromuscular  transmis- 
sion from  both  legs  of  one  anianal  gives  a  direct  com- 
parison ©f  the  role  off  the  two  types  of  enzymes.   The 
main  effort  was  devoted  to  the  applicatiOB  of  these  en- 
zymes on  pharmacological  substances.   True  identification 
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of  such  enzymes  is  a  prereqaisit©  to  this  study.   Ac- 
cording to  the  report  herein  listed,  there  asay  be  some 
doubt  that  muscle  cholinesterase  (myoneural)  was  the 
same  as  the  "true"  cholinesterase  found  in  t'&e  erythro- 
cyte o   Dr.  Irwin  and  his  colleagues  find  that,  by 
utilizing  muscle  cholinesterase,  succinyldicholine  and 
its  in  vivo  metabolite  succinylmonocholine  were  meta- 
bolized  only  5  percent  as  rapidly  as  acetylcholine  is 
metabolized  by  the  same  enzyme.,   The  main  significance 
of  these  studies  is  to  furnish  additional  information 
concerning  the  cholinesterase  inhibitors,  in  addition 
to  information  as  to  the  metabolism  of  clinically  use- 
ful neuromuscular  blocking  compounds »   It  may  also 
demonstrate  that  inhibition  may  have  a  great  affect 
even  though  metabolism  is  not  at  an  equally  great  rate. 

Dr.  Irwin  and  his  group  have  continued  to  study 
the  action  of  neuromuscular  blocking  agents  on  the 
directly  stimulated  innervated  and  denervated  muscles 

and  on  the  indirectly  stimulated  innervated  and  de- 
nervated muscle,  by  using  supramaximal  stimulation. 
They  find  that  neuromuscular  compounds  which  are  known 
to  have  no  appreciable  depolarizing  action  d©  not  re- 
duce the  contraction  of  the  directly  stimulated  muscle. 
On  the  contrary,  compounds  which  initially  depolarize 
the  motor  end-plate  reduce  the  contraction  of  directly 
stimulated  muscle.   This  decrease  in  contraction  is 
unaffected  by  greater  than  maximal  stimuli.   The  block 
of  neuromuscular  transmissiotti,  and  the  decrease  in  con- 
traction following  direct  stimulation  do  not  follow 
the  same  time  course  and  Dr.  Irwin  and  his  colleagues 
argue  that  separate  or  addji-tional  processes  are  in- 
volved in  the  tension  loss  ©f  the  directly  stimulated 
muscle.   They  aote  that  denervated  muscles  respond 
with  a  more  pronounced  and  rapid  reduction  of  eon- 
traction  height  than  do  insaervated  muscles.,  and  re- 
covery from  the  drug  effects  is  greatly  delayed.   In 
utilizing  the  interplay  ©£  these  two  substances j,  (i.e. 
depolarizing  against  competitive  blocKading  compounds) ^ 
they  note  that  the  prior  administration  of  neuromus- 
cular blocking  doses  of  competitive  compounds  com- 
pletely prevents  the  decrease  in  contraction  which 
normally  occurs  after  the  administration  of  depolariz- 
ing compounds.   ThuSj  doses  of  d-tubocurarinej  which 
have  no  effect  @n  transmission  of  stimulation 5  prevent 
to  a  large  extent  the  decrease  in  contractions  of  the 
directly  stimulated  muscle  following  succimylcholine. 
This  observation  implies  a  sit®  of  action  of  d~tufeo- 
curarine  not  previously  demonstrated.  Dr.  Irwin  and 
his  colleagues  point  ©ut  that  the  rate  of  contraction 
and  relaxation  falls  as  the  tension  decreases  5  and 
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that  reduction  in  tension  by  decreasing  stimuli  cause 
similar  changes  in  contraction  and  relaxation  rates. 
They  conclude  that  the  compounds  that  block  neuromus- 
cular transmissions  but  which  do  not  affect  the  directly 
stimulated  muscle »  are;   d-tubocurarine,  gallamine, 
and  hexamethoniumo   Compounds  that  can  block  neuro- 
muscular transmissions  but  which  can  reduce  the  con- 
tractility of  the  directly  stimulated  muscle  are°  suc- 
cinylcholine,  decamethoniumj  mytolonj  prostigmine, 
physostigminej  and  acetylcholine..   This  is  of  interest, 
as  it  was  noted  in  the  1954  annual  report  that  hexa- 
methonium  could  block  much  of  the  action  of  decamethon- 
iumj  in  the  work  of  Shy^,  Berg  and  Wells, 

Dr.  Irwin  and  Dr.  Rowley  continued  their  work 
in  trying  to  find  the  fundamental  basis  of  myasthenia 
with  injection  into  animals j  previously  sensitized  with 
depolarizing  and  competitive  compounds  of  plasma  from 
patients  with  myasthenia  gravis.   No  significant  find- 
ings  could  be  found  in  those  animals  which  received 
myasthenic  serum  as  against  those  animals  which  did  not. 
They  are  continuing  their  work  on  dos©  stimulus  re- 
sponse relations  between  intra-arterial  injected  acetyl- 
choline and  contractility  of  skeletal  muscle 5  and  a 
further  attempt  to  determine  whether  decreased  acetyl- 
choline 5  increased  cholinestera.se  activity  j  or  decreased 
sensitivity  to  the  motor  end-plate  would  change  such 
dose  response.   The  data  compiled  in  this  analysis  has, 
as  yet  I,  not  been  completed. 

The  Section  of  Neurochemistrys  under  Dr.  Tower, 
has  continued  its  studies  in  amino  acid  metabolism, 
electrolyte  metabolism,  and  the  metabolism  of  garoma- 
aminobutyric  acid  in  nerval  tissues  in  normal  and  epi- 
leptic cortex.   Dr.  Tower  has  been  aided  in  this  by  Dr, 
McKhann  and  Dr,  Curtis, 

Dr.  Horvathj  in  the  same  Section,  has  continued 
his  work  om  the  contractile  proteins  of  muscle  in  both 
normal  and  diseased  states, 

Dr,  Tower  J  using  an  inhibitor  of  glucose  uptake, 

namely  2-de0xyglucose ,  has  demonstrated  clearly  the  de- 
pendence of  glutamic  acid  metabolism  upon  glucose 
utilization.   This  is  a  major  step  toward  solving  the 
perennial  argument  that  while  braia  slices  may  indeed 
use  amino  acids  for  metabolism,  that  the  brain  in  vivo 
utilizes  mainly  glucose  in  this  regard.   Originally"!! 
was  conceived  that  the  steps  from  alpha-keto-glutarate 
to  glutamic  acid  to  glutamin®  was  readily  reversible. 
Thus  an  abnormality  in  the  metabolism  of  on©  should  be 
made  up  by  the  presence  of  another,   Dr,  Tower,  however, 


_4. 


has  shown  J,  by  using  two  seiziare-prodticing  substances, 
M.EoG.  and  M,S,0„  (the  first  is  3-uiethyl-3-ethylglu- 
tarimidej  and  the  latter  methionine  sulf oximine) ,  that 
this  is  not  true.   In  seizures  from  M^E.G.  the  gluta- 
mine  acid  may  be  but  11  percent  of  the  control,  where- 
as the  glutamine  still  rests  at  100 »   In  seizures  from 
M.SoO.  the  glutamic  acid  may  be  57  percent  of  the  con- 
trol, whereas  the  glutamine  is  but  13  percent o   The  add- 
ing of  asparagine  to  the  M„S.O,  seizure  animal  brings 
the  glutamic  acid  back  to  100,  but  the  glutamine  does 
not  appreciably  change,  i<>eo  13  to  0„   This  indicates 
that  there  must  be  other  sources  for  glutamic  acid  and 
that  glutamine  is  not  necessarily  conserved  in  epilep- 
togenic lesions „   Dr,  Tower  and  his  colleagues  hope  to 
further  elucidate  this  by  labelling  these  substances 
with  carbon-^^- 

The  discovery  of  gaBima-aminobutyric  acid  by 
Robins  and  his  colleagues ^  and  the  identification  of 
this  substance  with  the  inhibitory  factor  of  Elliott, 
as  well  as  its  parallelism  in  inhibitory  dendrites  of 
Kupfler  with  its  interdependence  with  paradoxine  phos- 
phate in  amino  acid  metabolism,  led  Dr„  Tower  and  his 
colleagues  to  study  the  metabolism  of  this  substance 
in  neural  tissues  in  vitro.,   This  is  a  fluorlmetric 
determination  wit h"^c cur at e  reproductabillty  within  the 
range  of  oOImM,  and  measures  the  fluorescence  with  nin- 
hydrin  derivative  of  gamma-aminobutyric  acid.   To  date 
only  animal  work  has  been  reported  in  this  project  in 
which  cat  cortex  incubated  in  Ringer-bicarbonate-glu- 
cose medium,  shows  that  the  amount  of  gamma-aminobutyric 
acid  is  doubled  if  pyridoxal  phosphate  is  added, or 
quadrupled  if  glutamic  acid  or  glutamine  is  added.   Dr, 
Tower  believes  that  this  is  evidence  that  glutamic  acid 
is  the  immediate  precursor  of  gamma-aminobutyric  acid, 
and  when  present  in  excess,  drives  the  system,  and  that 
pyridoxal  phosphate  is  the  co-eazyme  necessary  for  con- 
version of  glutamic  acid  to  gamma-aminobutyric  acid. 
Like  slices  provided  with  glucose  or  glutamic  acid, 
slices  provided  with  gamma-aminobutyric  acid  support 
the  resting  oxidative  metabolism  to  the  same  degree. 

In  continuing  their  studies  of  these  substances, 
namely  glutamine,  asparagine,  gamma-aminobutyric  acid, 
etc.,  on  man,  the  Section  is  still  devoting  some  energy 
in  an  attempt  to  find  accurate  methods  for  determining 
levels  of  these  substances  in  the  body  fluids  of  man. 
Instrximentation  has  now  reached  the  point  where  the 
dinitrophenyl-amino-acid  method  for  these  studies  now 
appears  feasible.   This  would  then  allow  subsequent 
column  chromatographic  treatment  of  such  body  fluids. 
The  data  clearly  demonstrates  a  rapid  distribution  and 
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metabolic  destruction  of  asparagine  by  man  in  vivo,  and 
supports  the  clinical  evidence  for  large  frequent  dosage , 
and  the  difficulty  for  complete  seizure  control  with 
such  an  actively  metabolized  compound.   Similar  results 
were  found  with  gamma-aminobutyric  acid,  which  shows 
that  this  substance  is  also  metabolized  extremely  rapidly 
by  man  _in  vivoo   Dr,  Tower  points  out  that  the  low  levels 
of  these  compounds  found  in  the  CSF  do  not  necessarily 
reflect  the  amounts  being  delivered  to  cerebral  tissue, 
since  it  is  well  established  that  numerous  solutes  may 
transfer  more  readily  or  in  greater  quantity  to  central 
nervous  system  tissue  than  t©  cerebrospinal  fluid.   Here 
again  J  these  investigators  hope  to  use  carbon^'*,  labeled 
amino  acid  substances,,  to  further  these  studies. 

Finally 3  in  the  epileptogenic  tissues  studies 
are  continuing  on  the  electrolyte  and  energy  metabolism 
again,  by  using  an  inhibitor  of  glucose »  namely  2-de- 
oxyglucose.   These  investigators  reason  that 5  in  addition 
to  the  primary  block  of  glucose=6=phosphat®  to  fructose- 
6-phosphate  by  2-deoxygluc©s©s,  that  there  is  a  secondary 
inhibition  set  up  with  the  hexokinas©  stage  as  a  result 
of  ATP  depletion.   There  is  a  profound  depression  of 
glutamic  acid  levels  without  much  disturbance  of  gluta- 
mine.   Dr.  Tower  gives  this  as  consistent  with  utiliza- 
tion by  the  tissue  of  glutamic  acid  as  one  alternate 
energy  source j,  and  re-emphasizes  the  growing  Impression 
that  glutamine  and  glutamic  acids  are  not  as  readily 
interchangeable  as  was  previously  supposed.   He  also 
points  out  that  the  ability  of  such  slices  to  reconcen- 
trate  potassium  initially  lost  to  the  medium  and  to  ex- 
trude sodiuM  replacing  it,  is  only  slightly  impaired  by 
2-deoxyglucose.   This  finding  suggests  a  closer  rela- 
tionship of  electrolyte  metabolism  to  oxidative  meta- 
bolism than  to  glycolysis. 

Continued  us©  of  these  amino  acid  compounds  in  the 
control  of  seizures  has  demonstrated  that  L-asparagine 
is  approximately  40  percent  effective  in  the  control  of 
severely  involved  seizure  patients.   However ^  it  is  ob- 
vious to  Dr.  Tower  and  his  colleagues  that  th©  advan- 
tages of  asparagine  over  less  expensive  and  less  bulky 
drugs  was  not  significant  to  warrant  continuation.  Thus, 
during  the  last  year  most  of  his  patients  have  either 
been  discontinued  or  shifted  t®  other  experimental  com- 
pounds, namely  gamma-aminobutyric  acid  or  2-pyrrolidin- 
one,  the  lactam  of  gamma-aminobutyric  acid.   S@m©  side 
effects  of  gastrointestinal  irritations  and  flushing 
were  noted,  the  former  disappearing  on  continued  use. 
In  one  casej,  intraventricular  glutamine  stopped  status 
epilepticus  on  two  consecutive  trials j  whereas  it  was 
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not  effective  in  intravenoms  »et]biods„ 

Dr.  Horvath  has  contiuwed  his  work  in  the  con- 
tractile proteins  of  muscle.   He  has  joined  Dr„  Klatzo 
in  the  Section  of  NeMropathology  in  the  preparation  of 
actin  and  tropomyosin,  with  a  method  which  yields  ap- 
proximately 99  percent  pure  protein.   Rabbits  are  im- 
munized with  these  preparations  and  immune  sera  col- 
lected.  The  globulin  fraction  of  such  sera  is  labeled 
with  fluorescein  and  histological  preparations  of 
normal  and  diseased  muscles  stained  with  the  labeled 
globulin  according  to  the  technique  of  Coons,   A  pre- 
liminary study  has  already  been  completed  in  this  and 
has  been  reported  by  Dr,  Klatzo j  Dr,  Horvath  and  Dr. 
Enamart,   Of  interest  is  s,  the  dystrophic  muscle  still 
is  highly  fluorescent  for  these  proteins  after  ar- 
chitectural changes  have  occurred  within  the  muscle  5 
although  normal  muscle  demonstrates  such  proteins  to 
be  limited  almost  predominately  t®  the  A  bands.   Dr. 
Horvath  haSj  in  addition-j,  extracted  actomyosin  from 
myopathic  patients j  and  from  mice  with  a  hereditary 
disease  resembling  human  muscular  dystrophy,  and  has 
been  studying  these  compounds  in  the  ultra-centrifuge. 
In  the  ultra-centrifuge  only  one  component  is  detect- 
able in  extracts  from  human  control  muscle.   This  com- 
pound appears  to  be  myosin  by  its  sedimentation  dif- 
fusion properties.   In  extracts  from  muscular  dystro- 
phy patients  J,  prepared  in  identical  fashion,  a  number 
of  components  are  seen  on  ultra-centrifugation.   The 
same  is  true  in  the  diseased  mice  when  potassium  iodide 
is  used  as  the  extraction  media,   Dr,  Horvath  is  con- 
tinuing these  studies  and  hopes  to  identify  the  ex- 
tract components.   He  is  also  studying  uterine  and 
striated  muscle  actomyosin  in  physical-chemical  terms 
preliminary  t©  the  study  of  actomyosin  synthesis  in 
uterine  muscle.   This  is  largely  a  project  in  method- 
ology in  trying  to  determine  (1)  non^protein  nitrogen; 
(2)  water-soluble  nitrogen;  (3)  0,5  Molar  Kcl-soluble 
nitrogen;  (4)  non-collagenous  nitrogen;  (5)  total 
nitrogen.   The  difference  between  ©ne  and  two  would 
be  equal  to  the  water-soluble  protein;  the  difference 
between  two  and  three  would  be  equal  to  the  myosin 
content,  and  between  three  amd  four  the  alkali  soluble 
protein.   Dr.  Horvath  now  feels  that  he  has  these 
micro  methods  to  the  point  that  he  may  apply  them  to 
huiman  biopsy  samples  and  to  samples  of  uterine  muscle. 

Dr.  Curtis  has  continued  his  work  into  method- 
ology for  a  micro  chemical  determination  of  acetyl- 
choline.  Difficulties  from  interference  fluorescence 
from  flavonols  in  biological  lluids  has  interfered 
with  the  procedure  of  measuring  acetylcholine  by  its 
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fluorescence  with  a  boron-f la¥onol  complex  in  acetone. 
As  yet  J  interference  fluoresceace  has  not  beea  solved. 
An  attempt  is  being  made  to  separate  the  fluorescence 
complex  from  the  interfering  flavonols  by  column 
chromatography,   Dr,  Curtis  is  also  continuing  his 
studies  in  Urinary  Polypeptides  of  the  so-called  oxy- 
proteic  acid  types,  which  he  has  previously  reported 
to  find  in  high  concentrations  in  muscular  dystrophy. 
Since  dialysis  involves  a  considerable  loss  of  such 
components  J,  Dr.  Curtis  is  turning  to  selective  ad- 
sorptions or  foam  fractionation  in  removing  these 
materials.   Such  studies  depend  upon  factors  of  con- 
centrations ionic  strength  and  pH,   ThuSj  a  funda- 
mental study  of  surface  chemistry  of  body  fluids  has 
been  undertaken  to  provide  a  basis  for  refining  the 
techniques  for  isolation  of  surface -active  urinary 
constituents  so  they  can  be  identified  and  quantitated. 

With  the  realization  that  increased  sensitivity 
to  radioactivity  by  large  detection  crystals  (Nal  xh) 
could  be  utilized  with  collimators  and  hence  resolu- 
tion still  maintained;,  the  Section  of  Biophysics  turned 

its  entire  efforts  to  the  detection  of  intracranial 
neoplasia  by  the  use  of  unstable  nuclides.   All  collima- 
tion  is  now  done  with  two  gold  sensitive  volume  collima- 
tors in  that  approximately  34  percent  of  background 
radiation  may  be  removed  by  using  these  high  density 
metals o   Over  130  patients  have  now  been  used  with  an 
apparatus  designed  and  built  in  this  Unit;,  with  the  aid 
of  the  Instrument  Section;,  and  the  accuracy  of  this 
procedure  is  that  of  Ventriculography j  without  carrying 
the  hazard  of  Ventriculography. 

Methodology  now  used  is  that  of  tw©  3- inch  de- 
tecting crystals  in  front  ©f  which  are  placed  two  gold 

sensitive  volume  collimators  designed  in  this  labora- 
tory.  The  radioactivity  so  collimated  is  then  ampli- 
fied through  photomultiplier  tubes  to  cathode  follow- 
ers.  These,  in  turn,  were  sent  to  two  gamma  spectro- 
meters s  which  may  be  set  for  the  energy  for  the  given 
isotope  used.   From  the  gamma  spectrometer ^  one  lead 
is  taken  to  two  scalers  which  in  turn  activate  in- 
stantaneously the  selenolds  which  are  moving  in  a 
rectolinear  pattern  over  the  patient's  head.   This 
gives  i,  then  J,  a  diagramatic  outline  of  the  activity 
within  the  patient's  head,  and  concentrations  within 
given  tumors.   In  additionp  an  integrated  pattern  is 
drawn  on  the  Brown  double  pen  potentiometer.   In  the 
lateral  views,  these  may  be  directly  comparable j  in' 
the  AP-PA  views  these  are  not  directly  comparable  in 
that  the  muscles  inserting  at  the  base  of  the  skull  are 
asymmetrical.   The  anatomy  of  the  insertion  of  the 
muscles  at  the  base  of  the  skull  is  completed  by 
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freezing  and  serially  sectioning  a  human  head.   This 
procedure  carries  with  it  certain  inherent  difficul- 
ties of  reflected  radiation  which  could  only  be  worked 
out  over  a  process  of  months  by  more  and  more  lead 
shielding.   ThiSj  in  turn,  made  the  apparatus  so 
heavy  that  it  was  necessary  to  drive  the  collimators 
with  thyrotrons ,  which  in  turn  are  fed  into  a  volt- 
meter which  is  taken  from  a  tachyometer  on  the  scan- 
ning motor.   This  allows  movement  of  the  collimating 
heads  to  be  equal  in  both  forward  and  backward  direc- 
tions.  This  procedure  has  allowed  one  to  detect  neo- 
plasias in  almost  all  parts  of  the  cranitim,  except  on 
or  about  the  sellas.   Of  interest  is  the  fact  that 
all  cases  of  acoustic  neurinomas  were  detected.   The 
physics  of  the  apparatus  has  reached  such  a  degree, 
as  well  as  interpretation  of  the  various  views  from 
the  collimators,  that  a  monograph  has  been  prepared 
of  the  subject  in  which  the  statistical  evidence 
will  be  presented  as  to  the  validity  of  the  apparatus, 
and  will  be  published  by  E.  &  S.  Livingstone,  Edin- 
burgh.  The  method  carries  approximately  an  87  percent 
accuracy,  and  in  addition  does  not  have  the  hazard  of 
contrast  studies,  and  indicates  the  number  and  size  of 
the  neoplasias  when  determined.   The  promise  of  this 
technique  and  its  importance  in  relieving  hazards  of 
intracranial  contrast  studies  were  such  that  the  en- 
tire efforts  of  the  Section  of  Biophysics  has  been  de- 
voted to  this  study.   It  is  hoped  that  the  monograph 
will  be  available  in  approximately  six  months'  time. 
During  this  time^  only  one  attempt  has  been  made  in 
the  case  of  myasthenia  gravis  of  recording  of  intra- 
cellular potentials  from  single  muscle  fibers  in  the 
intact  human.   Upon  completion  of  the  above  studies, 
however,  the  major  efforts  of  the  Unit  of  Biophysics 
will  be  in  this  regard.   Since  this  Unit  has  been 
fortunate  enough  to  obtain  Dr.  del  Castillo  as  Chief 
of  the  Section  of  Neurophysiology 5  it  is  hoped  that 
he  may  aid  in  this  regard,  in  that  he  is  an  outstand- 
ing authority  in  such  studies. 

During  this  year  the  complete  studies  of  pa- 
tients with  parietal  lobe  lesions  which  were  identi- 
fiable at  operation  was  completed.   Twenty-five  pa- 
t  ients  were  studied  in  reference  to  their  sensory 
loss  and  opticokinetic  nystagmus.   To  collect  25  such 
cases  has  taken  approximately  five  years,  and  such 
cases  were  admitted  through  the  Branch  of  Surgical 
Neurology,  but  studied  by  Dr.  Shy,  and  Dr,  Haase,  in 
reference  to  sensory  appreciation,  and  other  criteria. 

From  such  a  study  it  was  found  that  most  sensi- 
tive sensory  loss,  in  reference  to  the  parietal  lobe 
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of  man,  was  that  of  position  sense  in  space »   It  was 
found  that  standard  sensory  tests,  such  as  two-point- 
discrimination,  sensory  extinction;,  asteriagnosis, 
touch  localization,  etCo,  were  relatively  crude  tests, 
in  that  large  lesions  could  exist  in  the  parietal  lobe 
but  would  not  be  indicated  by  such  tests.   These 
studies  were  reported  in  Deutsche  Zeitschrift  f „  Ner- 
venheilkunde.  Volume  176,  pages  519-542 j,  1957 . 

Studies  in  the  pathology  of  muscles  have  con- 
tinued even  after  the  publication  of  the  Atlas „   From 
such  studies  a  new  disease  of  muscle  has  been  described 
and  published  which  is  unique  both  anatomically  and 
histochemically.   In  addition  to  this,  studies  are 
under  way  in  hypotonic  infants j  and  it  has  become  ob~ 
vious  that  muscle  biopsies  will  become  an  important 
factor  in  the  prognosis  of  such  infants o   Approximately 
22  such  infants  have  been  collected  to  date,  with  at 
least  four  distinct  types  of  myopathy  or  neuropathy 
distinguishable  upon  muscle  biopsy,   A  completion  of 
the  study  of  the  chemistry  and  morphology  of  muscle 
of  a  large  family  with  paramyotonia ^  the  second  such 
family  reported  from  this  country,  has  been  completed 
and  accepted  for  publication  by  the  Archives  of  Neuro- 
logy and  Psychiatry,  in  the  next  issue.   Finally,  the 
method  of  Ichelson,  by  which  she  described  the  finding 
of  spirochetes  in  the  spinal  fluid  ©f  patients  with 
multiple  sclerosis 3  has  been  studied  by  Dr„  Korengold, 
and  Dr,  Hampe  of  the  National  Institute  of  Dental  Re- 
search.  Thirty  we 11- documented  cases  ©f  multiple 
sclerosis  with  exascerbations  during  the  past  year 
were  studied.   In  none  of  these  could  spirochetes  be 
found  in  the  spinal  fluid.   At  the  same  timej,  specimens 
of  bloods  spinal  fluid  were  sent  to  the  laboratory  for 
Dr„  Huebner,  and  Dr,  Sabin  in  Cincinnati ^  to  study  the 
validity  of  antibody  response  to  the  antigen  obtained 
from  the  U<,S„S.R.   The  studies  of  Dr.  Sabin  and  Dr. 
Huebner  have  not  as  yet  been  reported. 
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OBJECTr/ESs  To  determine  the  function  of  specific  and  non= 
specific  cholinesterases  in  relation  to  neuromuscular  block 
produced  by  compounds  metabolically  destroyed  by  cholines- 
terase, 

METHODS  EMPLOYED s  Standard  manometric  techniques  are  being 
used  to  determine  iraiscle  cholines terase  activity^  Blood 
plasma  and  red  cell  cholinesterase  activities  are  determined 
by  the  Potentiometric  Method  of  Michel  as  modified  by  Holmes,, 
A  more  rapid  method  for  total  blood  cholinesterase  activity 
is  needed  and  is  being  developed^  A'  cross=-circulation  pre- 
paration is  used  in  which  the  blood  of  one  animal  is  made 
to  perfuse  one  leg  of  another  animal.  The  appropriate  manip= 
ulation  of  the  blood  and  tissue  cholinesterases  activity  of 
the  two  animals  and  the  recording  of  changes  in  neuromuscular 
transmission  from  both  legs  of  one  animal  gives  a  direct  com- 
parison of  the  roles  played  by  the  two  types  of  enzymes, 

MAJOR  FINDINGS g  Mascle  cholinesterase  from  two  species  has 
been  characterized  as  to  type  using  various  substrates,,  The 
experiments  to  date  indicate  irrascle  cholinesterase  is  a  speci= 
fie  type 5  although  it  may  not  be  identical  to  erythrocyte 
cholinesterase 0   Succinyldicholine  and  its  in  vivo  metabolite 
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succinylmonocholine  are  metabolized  by  mascle  choline sterase  only 
5  percent  as  rapidly  as  acetylcholine  is  metabolized  by  the  same 
enzyme „ 

SIGNIFICANCE  TO  PROGRAM  OF  INSTITUTE;  This  project  will  furnish 
additional  information  on  the  metabolism  of  clinically  useful 
neuromuscular  blocking  compounds  and  choline sterase  inhibitors. 
It  may,  in  addition,  contribute  to  an  increased  understanding 
of  the  physiological  processes  related  to  myasthenia  gravis,, 

PROPOSED  COURSE  OF  PROJECT;  This  research  is  to  be  continued 
until  the  objectives  stated  above  have  been  fulfilled. 
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Project  Descriptions 

GBJECTIl'ESs  To  determine  the  function  of  specific  and  non-= 
specific  cholinesterases  in  relation  to  neuromuscular  block 
produced  by  compounds  metabolically  destroyed  by  cholines= 
terase, 

METHODS  EMPLOYED g  Standard  raanometric  techniques  are  being 
used  to  determine  imscle  cholinssterase  activityo  Blood 
plasma  and  red  cell  cholinesterase  activities  are  determined 
by  the  Potentiometric  Method  of  Michel  as  modified  by  Holmes , 
A  more  rapid  method  for  total  blood  cholinesterase  activity 
is  needed  and  is  being  developed^  A  cross-circulation  pre= 
paration  is  used  in  which  the  blood  of  one  animal  is  made 
to  perfuse  one  leg  of  another  animals  The  appropriate  manip=- 
ulation  of  the  blood  and  tissue  cholinesterases  activity  of 
the  two  animals  and  the  recording  of  changes  in  neuromuscular 
transmission  from  both  legs  of  one  animal  gives  a  direct  com- 
parison of  the  roles  played  by  the  two  types  of  enzymes, 

MAJOR  FINDINGS^  Muscle  cholinesterase  from  two  species  has 
been  characterized  as  to  type  using  various  substrates,,  The 
experiments  to  date  Indicate  rrpascle  cholinesterase  is  a  speci- 
fic type 5  although  it  may  not  be  identical  to  erythrocyte 
cholinesterase B   Succinyldtcholine  and  its  in  vivo  metabolite 
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succinylmonocholine  are  metabolized  by  muscle  choline sterase  only 
5  percent  as  rapidly  as  acetylcholine  is  metabolized  by  the  same 
enzyme , 

SIGNIFICANCE  TO  PRQGRfi.M  OF  INSTITUTE;  This  project  will  furnish 
additional  information  on  the  metabolism  of  clinically  useful 
neuromuscular  blocking  compounds  and  choliaesterase  inhibitors. 
It  may,  in  addition,  contribute  to  an.  increased  understanding 
of  the  physiological  processes  related  to  myasthenia  gravis o 

PROPOSED  COURSE  OF  PROJECT;  This  research  is  to  be  continued 
until  the  objectives  stated  above  have  been  fulfilled. 


Part  B  included  Yes  ^  No  ^ 
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Project  Titles  The  action  of  neuroimiscular  blocking  drugs  on 
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Principal  Investigator;  Richard  L.  Irwin 

Other  Investigators t  Jay  B«  Wells  and  Henry  J.  Smith 
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Professionals  .33 
Other;  .33 

Project  Description; 

OBJECTIVES;  To  study  the  decrease  in  contractile  response 
of  directly  stimulated  skeletal  muscle  which  follows  the 
administration  of  certain  quaternary  ions. 

METHODS  EMPLOYED;  Alternate  direct  and  indirect  supramaximal 
stimulation  of  the  same  gastrocnemius  muscle  of  the  rat  is 
used*  The  anterior  tibial  muscle  of  cats  have  also  been 
utilized  in  a  similar  manner.  The  effect  of  nerve  stimula- 
tion has  been  eliminated  by  fatigue  through  the  nerve  or 
by  administration  of  a  neuromuscular  blocking  compound  that 
does  not  affect  the  contractility  of  the  directly  stimulated 
muscle.  The  response  of  denervated  muscle  has  been  compared 
to  that  of  innervated  by  use  of  a  pair  of  .nuscles  in  the 
same  animal.  Contractile  responses  have  ):een  recorded 
from  a  damped  strain  gauge  which  markedly  restricts  external 
shortening  and  a  cathode  ray  oscilloscope.  The  parameters 
of  adequate  direct  stimulation  were  determined  using  syn- 
chrotnio.sly  discharging  doable  or  multiple  electrode  systems, 

MAJOR  FINDINGS;  In  both  innervated  and  ^enervated  muscle, 
neuromuscular  compounds  which  are  known  f^o  have  no  appreci- 
able depolarisiing  action  do  not  red^lce  contraction  of  the 
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directly  stiraalated  inuscle<,  On  the  contrary,  compounds  which 
initisLlly  depolarize  the  motor  end-plate  reduce  the  contraction 
of  directly  stiimilated  imiscle*  The  decrease  in  contraction  is 
unaffected  by  greater  than  maximal  stimuli  intensities.  The 
block  of  neuromuscular  transmission-  and  -  decrease  in  contraction 
following  direct  stimulation  does  not  follow  the  same  temporal 
course  and,  thus,  separate  or  additional  processes  are  involved 
in  the  tension  loss.  Acetylcholine  can  produce  a  complete 
block  of  neuromuscular  transmission  without  an  immediate 
effect  on  the  contractility  of  directly  stimulated  muscle, 
Denervated  muscles  respond  with  a  more,  pronounced  and  rapid 
reduction  of  contraction  height  than  do  innervated  muscles 
and  recovery  from  the  drug  effect  is  greatly  delayed. 

The  prior  administration  of  neuromuscular  blocking  doses 
of  agents  which  do  not  depolarize  the.  motor  end-plates  com= 
pletely  prevent  the  decrease  in  contraction  which  normally 
occurs  after  the  administration  of  depolarizing  compounds. 
Doses  of  d-tubocurarine  which  have  no  effect  on  transmis- 
sion or  low  rates  of  stiraalation  prevent  to  a  large  extent 
the  decrease  in  contraction  of  directly  stimulated  muscle 
which  follows  the  injection  of  succinylcholine ,  This 
preventative  action  occurs  during  a  partial  block  of  neuro- 
muscular transmission  by  succinylcholine .  This  observation 
implies  a  site  of  action  of  d-tubocurarine  not  previously 
demonstrated , 

After  the  administration  of  the  depolarizing  compounds, ' 
the  rate  of  contractions  and  relaxation  falls  as  the  tension 
decreases.  Reduction  in  tension  by  decrease  stimuli  cause 
similar  changes  in  contraction  and  relaxation  rates. 
Stimulus  response  curves  taken  after  the  administration 
of  both  types  of  neuromuscular  blocking  compounds  are 
significantly  different  regardless  of  the  basis  chosen 
for  comparison. 

Compounds  that  block  neuromuscular  transmission  which  do 
not  affect  the  contractile  responses  of  directly  stimulated 
muscle  ares  d-tubocurarine,  gallamine,  and  hexamethonium, 
Gortg)ounds  that  can  block  neuromuscular  transmission  which 
can  reduce  the  contractility  of  directly  stimulated  muscle 
ares  succinylcholine,  decamethonium^  mytolon,  prostigmine, 
physostigmine,  and  acetylcholine. 


SIGNIFICANCE  TO  THE  PROGRAM  OF  THE  INSTITUTE;  This  project 
is  a  fundamental  study  of  an  undesirable  decrease  in  muscle 
function  under  the  influence  of  clinically  useful  drugs. 
The  understanding  of  the  physiological  processes  of  such  a 
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decrease  would  not  only  enhance  the  clinical  usefulness  and 
safety  of  these  drugs,  but  could,  perhaps  lead  to  increased 
knowledge  of  function  in  muscle  disease  where  reduced  con- 
tractile responses  are  also  observed. 

PROPOSED  COURSE  OF  PROJECT:  Experiments  are  in  progress  to 
determine:  a)  -vdiether  the  drugs  which  are  knoim  to  depolarize 
the  motor  end-plates  depolarize  the  membrane  of  the  muscle 
fiber  away  from  the  end -plate  when  the  d  rugs  do  not  contact 
the  end-plate,  b)  what  role,  if  any,  do  the  series  of  elastic 
components  of  muscle  play  in  the  reduction  of  contractile 
force,  and  c)  the  temporal  course  of  the  depolarization 
throughout  the  muscle. 
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Project  Description: 

OBJECTIVES:  The  causative  factor(s)  of  myasthenia  gravis, 
have  not  been  identified..  This  disease  is  widely  believed 
to  be  a  defect  in  transmission  of  impulses  from  nerve  to 
muscle.  Several  functional  processes  which  occur  at  the 
neuromuscular  junction  have  been  considered  suspect  as 
possible  causative  factors;  i=  e.:  l)  decreased  release 
or  formation  of  acetylcholine^  2)  increased  rapidity  of 
acetylcholine  destruction  by  cholinesterase,  3)  decreased 
response  of  the  motor  end-plate  to  acetylcholine  and, 
k)   the  presence  of  a  circulating  substance  which  could 
inhibit  neuromuscular  transmission  by  decreasing  tissue 
response  to  acetylcholine* 

The  objective  of  this  study  was  to  obtain  experimental 
information  on  these  processes  which  may  be  involved  in 
myasthenia  gravis ^ 

METHODS  EMPLOYED;  Inasmuch  as  myasthenia  gravis  is  not 
transmissible  to  laboratory  animals,  experiments  in 
this  area  mast  utilize  either  patient  material  or  some- 
what indirect  experiments  with  laboratory  animals.  Both 

approaches  to  the  problem  have  been  used.  The  possibil- 
ity of  whether  a  metabolite  circulating  in  the  blood  of 
n^rasthenic  patients  could  produce  an  inhibition  of 
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neuromuscular  transmission  has  been  investigated »  Weuro- 
inuscular  blocking  action  is  measured  by  the  standard  inclined 
screen  technique  using  UO  to  60  animals  for  each  test.  A 
dose  of  d-tubocurarine  or  decamethoniura  is  determined  which 
by  means  of  neuromuscular  blocking  activity  causes  a  small 
percentage  of  a  group  of  mice  to  slide  from  the  inclined 
screen.  Blood  freshly  drawn  from  fatigued  unmedicated 
myasthenic  patients  is  injected  into  the  mice  from  half 
the  group  and  blood  freshly  drawn,  from  fatigued  non-rayas- 
thenic  persons  is  injected  into  the  other  half.  An  increase 
in  the  percentage  of  mice  sliding  in  the  group  injected  with 
n^rasthenic  blood  compared  to  the  control  group  could  probably 
be  attributed  to  the  presence  of  a  substance  with  neuromas^ 
cular  blocking  activity.  This  method  is  believed  to  be 
sufficiently  sensitive  to  detect  a  quantity  of  a  neuromus- 
cular blocking  substance  that  would  produce  a  demonstrable 
block  in  a  human  being. 

In  another  phase  of  this  study,  we  have  determined  a  dose 
(stimulus)  response  relationship  between  intra=arterially 
injected  acetylcholine  and  the  contractility  of  skeletal 
muscle  and  have  further  attempted  to  determine  whether 
decreased  acetylcholine,  decreased  choline sterase  activity, 
or  decreased  sensitivity  of  the  motor  end=plate  would  change 
the  dose  response  relationship  in  a  characteristic  fashion* 
If  such  stimulus  response  relationships  could  then  be  estab- 
lished in  myasthenic  patients  and  controls,  perhaps  new 
insight  into  the  causative  processes  of  the  disease  could 
be  obtained.  Previously  described  methods  of  intra-arterial 
injection  of  acetylcholine  were  found  to  be  inadequate  for 
the  purpose  of  this  study*  The  modifications  necessary  to 
obtain  consistent  responses  wares  the  use  of  an  automatic 
spring  loaded  injector.,  cannulation  of  the  popiliteal  ar= 
tery  for  more  satisfactory  vascular  occlusions  and  venous 
drainage,  recording  of  near-isometric  responses,  and 
radomized  patterns  of  dose  injections r 

MAJOR  FINDINGS g  The  data  from  eleven  experiments  gave  no 
evidence  for  the  presence  of  a  neuromuscular  blocking 
substance  in  myasthenic  patients  <i  The  responses  of  ani= 
mals  treated  with  d=tubocurarine  was  the  same  for  myas- 
thenic and  control  bloody  The  responses  with  decamethonium 
were  only  slightly  greater  with  myasthenic  than  with 
control  blood.  The  differences  were  not  significant, 

.  The  analysis  of  the  dose  response  relationships  obtained 
has  not  been  completed.  Our  initial  evaluation  of  the  data 
suggests  that  we  did  not  obtain  any  characteristic  changes 
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of  dose  response  relationships  that  would  be  of  any  value 
in  identifying  the  functional  defect  in  myasthenia  gravis. 
The  preparation  used  is  of  methodological  interest  in  that 
greater  control  of  variables  and  an  increased  duration  of 
adequate  responses  were  obtained  than  with  previously  des- 
cribed methods c 

SIGNIFICANCE  TO  THE  PROGRAM  Q.F  THE  INSTITUTE;  Data  that 
indicate  the  presence  or  absence  of  a  neuromuscular  block- 
ing substance  in  blood  from  myasthenia  would  facilitate 
the  analysis  of  the  biochemical  or  physiological  defect 
of  this  disease. 

Inasmuch  as  the  cause  of  myasthenia  gravis  is  not  known, 
more  information  is  needed  concerning  the  processes  involved 
in  neuromuscular  transmission  since  a  defect  in  physiologi- 
cal function  seems  to  be  clearly  indicated. 

PROPOSED  COURSE  OF  PROJECT;  No  further  work  is  proposed 
for  this  project  until  bases  for  more  sensitive  and  specific 
tests  are  founds 
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Project  Title:  A  study  of  neuronniscular  transmission  in 
reference  to  myasthenia  gravis . 

Principal  Investigator;  Richard  L,  Irwin  and  Peter  T.  Rowley 
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Project  Description: 

OBJECTIVES:  The  causative  factor(s)  of  myasthenia  gravis, 
have  not  been  identified^  This  disease  is  widely  believed 
to  be  a  defect  in  transmission  of  impulses  from  nerve  to  ~ 
muscle.  Several  functional  processes  which  occur  at  the 
neuromuscular  junction  have  been  considered  suspect  as 
possible  causative  factors;  i,  e.:  1)  decreased  release 
or  formation  of  acetylcholinej  2)  increased  rapidity  of 
acetylcholine  destraction  by  cholinesterase,  3)  decreased 
response  of  the  motor  end-plate  to  acetylcholine  and, 
h)   the  presence  of  a  circulating  substance  which  could 
inhibit  neuromuscular  transmission  by  decreasing  tissue 
response  to  acetylcholine* 

The  objective  of  this  study  was  to  obtain  experimental 
information  on  these  processes  which  may  be  involved  in 
myasthenia  gravis „ 

METHODS  EMPLOYED;  Inasmuch  as  myasthenia  gravis  is  not 
transmissible  to  laboratory  animals,  experiments  in 
this  area  must  utilize  either  patient  material  or  some- 
what indirect  experiments  with  laboratory  animals.  Both 
approaches  to  the  problem  have  been  used.  The  possibil- 
ity of  whether  a  metabolite  circulating  in  the  blood  of 
myasthenic  patients  could  produce  an  inhibition  of 
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neuromascular  transmission  has  been  investigated «  Neuro- 
muscular blocking  action  is  measured  by  the  standard  inclined 
screen  technique  using  UO  to  60  animals  for  each  test,  A 
dose  of  d-tubocurarine  or  decaraethonium  is  determined  which 
by  means  of  neuromuscular  blocking  activity  causes  a  small 
percentage  of  a  group  of  mice  to  slide  from  the  inclined 
screen.  Blood  freshly  drawn  from  fatigued  unmedicated 
myasthenic  patients  is  injected  into  the  mice  from  half 
the  group  and  blood  freshly  drawn  from  fatigued  non~myas- 
thenic  persons  is  injected  into  the  other  half.  An  increase 
in  the  percentage  of  mice  sliding  in  the  group  injected  with 
myasthenic  blood  compared  to  the  control  group  could  probably 
be  attributed  to  the  presence  of  a  substance  with  neuroraas= 
cular  blocking  activity*  This  method  is  believed  to  be 
sufficiently  sensitive  to  detect  a  quantity  of  a  neuromas- 
cular blocking  substance  that  would  produce  a  demonstrable 
block  in  a  human  beings 

In  another  phase  of  this  studyj  we  have  determined  a  dose 
(stimulus)  response  relationship  between  intra-arterially 
injected  acetylcholine  and  the  contractility  of  skeletal 
muscle  and  have  further  attempted  to  determine  whether 
decreased  acetylcholine ^  decreased  cholinesterase  activity^ 
or  decreased  sensitivity  of  the  motor  end-plate  would  change 
the  dose  response  relationship  in  a  characteristic  fashion. 
If  such  stimulus  response  relationships  could  then  be  estab- 
lished in  myasthenic  patients  and  controls j  perhaps  new 
insight  into  the  causative  processes  of  the  disease  could 
be  obtained.  Previously  described  methods  of  intra-arterial 
injection  of  acetylcholine  were  found  to  be  inadequate  for 
the  purpose  of  this  study*  The  modifications  necessary  to 
obtain  consistent  responses  weres  the  use  of  an  automatic 
spring  loaded  injector^  cannulation  of  the  popiliteal  ar- 
tery for  more  satisfactory  vascular  occlusions  and  venous 
drainage,  recording  of  near-isometric  responses,  and 
radomized  patterns  of  dose  injections, 

MAJOR  FINDINGS g  The  data  from  eleven  experijnents  gave  no 
evidence  for  the  presence  of  a  neuromuscular  blocking 
substance  in  myasthenic  patients ^  The  responses  of  ani- 
mals treated  with  d-tubocurarine  was  the  same  for  myas- 
thenic and  control  blood,,  The  responses  with  decamethonium 
were  only  slightly  greater  with  myasthenic  than  with 
control  bloods  The  differences  were  not  significant, 

•  The  analysis  of  the  dose  response  relationships  obtained 
has  not  been  completed.  Our  initial  evaluation  of  the  data 
suggests  that  we  did  not  obtajji  any  characteristic  cha.nges 
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of  dose  response  relationships  that  would  be  of  any  value 
in  identifying  the  functional  defect  in  myasthenia  gravis. 
The  preparation  used  is  of  methodological  interest  in  that 
greater  control  of  variables  and  an  increased  duration  of 
adequate  responses  were  obtained  than  with  previously  des-= 
cribed  methods c 

SIGNIFICANCE  TO  THE  PROGRAM  OF  THE  INSTITUTE;  Data  that 
indicate  the  presence  or  absence  of  a  neuromuscular  block" 
ing  substance  in  blood  from  myasthenia  would  facilitate 
the  analysis  of  the  biochemical  or  physiological  defect 
of  this  disease. 

Inasmuch  as  the  cause  of  myasthenia  gravis  is  not  known j, 
more  information  is  needed  concerning  the  processes  involved 
in  neuromuscular  transmission  since  a  defect  in  physiologi- 
cal function  seems  to  be  clearly  indicated. 

PROPOSED  COURSE  OF  PROJECT;  No  further  work  is  proposed 
for  this  project  until  bases  for  more  sensitive  and  specific 
tests  are  found. 
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Project  Title:  Metabolism  of  Glutamic  Acid  and  Related 

Compounds  in  Vivoo 

Principal  Investigator:  Dr.  Donald  B„  Tower 
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Project  Descriptions 

Objectives?  To  develop  and  apply  suitable  methods  for 
quantitative  determination  of  various  amino  acid  com- 
pounds in  body  fluids  for  study  ©f  their  metabolism  during 
experimental  therapy. 
Methodology?  See  major  findings. 

Patient  Material?  NINDB  Patients  admitted  for  other 
purposes  J  notably  to  Project  NINDB  =  (c.)j,  are  used. 
Major  Findings?  The  intended  use  of  the  dinitrophenyl 
amino  arid  method  for  these  studies  has  been  Relayed  due 
to  technical  difficulties.  These  now  appear  to  be  solved 
and  work  on  the  method  is  now  going  ahead.  In  the  meantime 
alternate  methods  have  been  employed  as  follows?  for 
glutaminSj  glutamic  acid  and  ammonia  -  the  Krebs-Meister- 
Conway-Russel  combined  methods |  for  asparagine  -  the  guinea 
pig  serum  asparaginase  method  developed  in  1956  (  NINDB-97(c)  )j 
and  for  T  -  aminobutyrie  add  -  Robin's  fluorimetric  method. 
The  applicability  of  all  these  methods  to  blood  serum^ 
cerebrospinal  fluid  and  urine  has  been  thoroughly  tested 
to  our  satisfaction.  For  urine  removal  of  interfering  sub- 
stances has  been  found  essential  and  has  been  achieved  by 
the  use  of  appropriate  column  chromatographic  treatment  of 
the  urine o  Since  the  majority  of  patients  under  experimental 
therapy  have  been  on  asparagine  j,  detailed  study  of  this 
compound  in  body  fliiids  has  been  carried  out.  On  oral  doses 
of  1-2  mM.Ag  body  wt.  blood  levels  of  asparagine  reach  peak 
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values  of  0<,6  to  0o9  |iMo /ml o  serum  (±  10  mg./lOO  mlo) 
within  1-2  hours  after  ingestion  and  decrease  to  zero 
within  3-5  hours  after  ingestion »  In  cerebrospinal 
fluid  samples  drawn  during  this  time  only  traces  of 
asparagine  could  be  detected  (not  exceediag  Oo3 
^M/mlo).,  On  intravenous  administration  of  1  -  2 
mMoAg-  body  wto  in  15  minutes  peak  serum  levels  at 
the  end  of  the  I„Vc  were  3  to  3o5  jiM/ml.  but  these 
fell  within  30  minutes  to  Oo5  iiM/ml„  or  lss3o  Peak 
levels  in  CSF  of  about  Oo5  p,MAl-  were  found  at  that 
timeo  No  significant  changes  in  serum  or  CSF  glutamines 
glutamic  adLdj  aspartic  aeidg  ammonia  or  urea  occurred 
during  or  for  3  hoxsrs  after  the  intravenous  doses » 
Urinary  excretion  of  asparagine  never  exceeded  control 
values  for  either  intravenous  or  oral  administration 
studies o  These  data  clearly  demonstrate  the  rapid 
distribution  and  metabolic  destruction  ©f  asparagine 
by  man  in  viv©  and  support  the  clinical  evidence 
for  large  J,  frequent  doses  ard  difficulty  of  complete 
seizure  control  with  such  an  actively  metabolized 
compound o  More  recently  a  few  patients  Icm^m   been 
placed  on  experimeatal  J   =  aminobutyric  acid  therapy., 
On  an  oral  dose  ©f  2  itM/kgc   body  wto  serum  levels  of 
Oo5  ■=  Oo6  |iM/mlo  have  been  found  at  1  -  2  hours  after 
ingestion o  In  one  case  with  terminal  liver  disease 
persistent  higher  levels  were  observed j,  but  usually 
serum  levels  drop  to  zero  by  about  3  hours o  No 
detailed  study  @f  CSF  levels  has  yet  been  attempted^, 
but  isolated  setmples  show  levels  not  exceeding  those 
in  the  serum  at  th©  same  time=.  Only  traces  of 
"if  -  aminobutyric  acid  are  excreted  in  the  urines  of 
such  patients o  Again  these  results  demonstrate  the 
rapidity  with  which  J  =  aminobutyric  acid  is  meta- 
bolized by  man  in  vi¥@o   The  low  levels  ©f  these 
compounds  found  in  CSF  do  not  necessarily  reflpe^  the 
amounts  being  delivered  to  cerebral  tissues,  since  it 
is  well  established  that  numerous  solutes  may  transfer 
more  readily  or  in  greater  quantity  to  CNS  tissue  than 
to  CSFo  Clearly  there  is  a  barrier  delay  for  appearance 
of  these  compounds  in  the  latter  but  the  evaluation  of 
the  former  possibility  requires  the  use  ©f  tracer  methods 
(on  experimental  animals )» 

Significant  of  Pro .1  set g  The  data  obtained  here  are  of 
important  to  a  basic  understarding  of  the  metabolism 
and  role  of  amino  acid  compounds  in  vivo  and  also  to 
proper  evaluation  ©f  the  therapeutic  responses  to  these 
compounds  in  seizure  patients  o 

Preposed  Course g  To  continue  the  studies  in  progress p 
particularly  with  t  -  aminobutyric  at^dj,  and  to  supplement 
them  with  us®  ©f  carbon=14,  labelled  compounds  in  animals „ 
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Compounds  in  Control  of  Seizures, 
Principal  Investigator:  Dr,  Donald  B.,  Tower 
Other  Investigators:  Dr.  W,  K,  Engel,  Dr.  Peter  Rowley, 

Dr.  C.  Ajmone=Marsan,  Dr.  Guy  McKhann 
Cooperating  Units:  Se  1956  Report  (NINDB=98(C)) 
Man  Years:  Patient  Days:  297 

Total:   1.3 

Professional:  0,5 

Other:  0,8 

Project  Description: 

Objectives ;  To  assess  the  effectiveness  of  vaimus  amino 
acids  of  the  glutamic-aspar^is  acid  group  in  clinical  control 
of  epileptic  seizures. 

Methodology  and  Patient  Material:  Patients  referred  by  their 
own  physicians  are  admitted  to  NlM)B  wards  for  base=line 
observations,  started  on  oral  therapy  with  one  of  the  com^ 
pounds  under  study  (L=glutaraine,  L-asparagine,  2- 
pyrrolidinone,  Y°3"ii"obutyric  acid,  or  ^=alanine),  and 
followed  for  three  months  or  longer.  Evaluations  of 
therapeutic  response  and  any  toxicity  are  made  by  daily 
records  kept  by  the  patient,  out=patient  visits  and  re- 
admission  to  NINDB  wards  as  required  with  EEG  and  laboratory 
studies  indicated. 

Major  Findings :  As  a  result  of  the  evaluation  of  L-asparagine 
therapy  conducted  during  1955  and  1956  on  50  patients  at 
NIH  and  over  200  patients  at  cooperating  clinics,  it  was 
decided  to  terminate  this  phase  of  the  project  as  soon  as 
feasible.  This  study  had  demonstrated  that  40%  of  severely 
involved  patients  could  be  significantly  benefitted  by 
asparagine  therapy  with  25%  showing  significant  EEG  ira^ 
provement.  However,  from  a  practical  standpcSlnt  it  was 
obvious  that  the  advantages  of  asparagine  over  less  expensive 
less  bulky  drugs  were  not  sufficient  to  warrant  continuation. 
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During  1957  most  NII^B  patients  in  this  project  have 
either  been  discontinued  or  shifted  to  other  experimerstal 
compounds.  Only  7  of  our  patient  group  remain  on  asparagine 
at  the  end  of  1*^7  and  all  Of  them  continue  to  exhibit 
excellent  seizwire  control  With  this  compound  after  1  to  4 
years  on  it.  As  occasion  permits  these  patients  will  be 
shifted  to  other  compounds  «Juring  1958o  The  two  remaining 
patients  on  glutamine  were  discontinued  during  1957^  C^Jn^ 
trol  in  these  cases  had  been  only  fair  and  it  was  deemed 
unprofitable  to  continue. 

The  remaining  active  patients  in  this  project,  numbering 
5  in  all,  have  been  shifted  to  Y=aminobi«tyric  acid.  Two 
of  these  have  had  trials  on  2='pyrrolidinonej  the  lactam 
of  Y^aminobutyric  acid,  but  these  trials  had  to  be  dis=. 
continued  due  to  interruption  of  supply  at  the  manu° 
facturing  source.  With  fresh  supplies  now  in  hand,  trials 
with  this  compound  can  be  renewed.  An  additional  4  patients 
and  3  control  subjects  received  single  or  short  term  trials 
of  one  or  both  of  these  compounds  during  evaluation  of 
the  side-effects  associated  therewith.  2=pyrrolidinone 
appears  to  be  without  side=effects  except  gastro^intestinal 
irritation  which  has  precluded  its  use  in  two  patients. 
On  the  other  hand  Y°a™^"obutyric  acid  on  initial  oral 
administration  to  9  subjects  produces  numbness  and  tingling 
of  the  extremities,  subjective  and  objective  flushing,  and 
a  feeling  of  uneasiness  (?nausea,  ?  dizziness).  Continued 
administration  is  accompanied  by  disappearance  of  all 
such  symptoms  except, in  a  few  cases,  for  the  flushing. 
All  5  patients  on  chronic  administration  are  tolerating 
the  compound  well  with  no  deviations  from  control  data 
in  their  laboratory  test  profiles.  Durations  of  therapy 
range  from  1  to  12  months. 

Preliminary  evaluation  al  climiiaal-  responses  indicates 
that  all  patients  have  benefitted  from  the  compound.  3  are 
better  controlled  on  it  alone  than  on  any  previous  com= 
bination  of  medications.  No  EEC  evaluations  have  been 
attempted  bedause  of  unsuitability  of  records  for  this 
purpose  (i.e.  lack  of  constant  abnormalities  on  repeated 
recordings).  No  intravenous  studies  have  been  attempted 
because  of  reports  from  other  centers  of  severe  shock= 
like  reactions  to  intravenous  doses. 

One  other  interesting  result  has  come  up  recently.  Dr. 
Frank  Morrell  at  the  University  of  Minnesota  Hospitals 
has  under  study  a  patient  with  intractable  seizures 
probably  resulting  from  exposure  of  the  CrC  to  a  toxic 
agent.  After  discussing  the  case  with  him,  we  supplied 
him  with  the  various  compounds  in  use  in  this  project  for 
a  trial  attempt  at  ending  the  serai-status  epilepticus. 
Oral  Y"afni"Obutyric  acid  and  oral  or  intravenous  glutamine 
or  asparagine  were  of  no  avail.  However,  intraventricular 
glutamine  (1,5  raM/kg,  brain  weight)  has  produced  two 
6=8  week  remissions  after  a  single  instillation.  No  other 
procedures  including  general  anesthesia;,  instillations 
of  artificial  spinal  fluid,  or  any  combination  of  anti= 
convulsant  drugs  have  had  any  effect.   The  study  summarized 
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here  has  been  in  mind  since  the  inception  of  the  project, 

i.e.  the  attempt  to  control  status  epilepticus  by  direct 

supply  of  the  experimental  agents  to  the  central  nervous 

system.  The  only  preparation  in  our  hands  known  to  be 

safe  for  intrathecal,  etc,  administration  is  a  lyophilized 

L-glutamine  preparation,  so  that  it  alone  can  be  evaluated 

at  this  stage.  The  failure  of  the  various  compounds  t» 

be  even  partially  effective  by  other  routes  of  administration 

again  raises  the  question  of  the  blood-brain  barrier  and 

the  problems  of  delivering  effective  doses  to  the  involved 

brain  tissue  itself.  It  is  planned  to  study  this  patient 

at  NIH  with  these  problems  in  mind. 

Significance  of  Project;  Several  aspects  are  significant. 

First,  the  positive  jn  vivo,  results  definitely  support 

the  in  vitro  data  on  epileptogenic  cortical  samples,  i/*ich 

show  abnormalities  of  glutamic  ©cid  which  can  be  corrected 

in  vitro  by  the  compounds.  Second,  a  role  for  Y=amino=» 

butyric  acid  in  seizure  states  is  strongly  suggested  by 

a  number  of  studies  and  clinical  efficacy  of  this  compound 

would  not  only  strengthen  this  line  of  evidence  but  open 

new  therapeutic  horizons.  All  these  compounds  differ 

radically  from  standard  anticonvulsants  in  acting  metabolically 

rather  than  pharmacologically  and  hence  exhibit  none  of 

the  toxicity  associated  with  such  drugs.  And  third,  the  use 

of  these  amino  acid  compounds  is  providing  much  valuable 

information  regarding  amino  acid  metabolism  in  vivo  by 

man. 

Proposed  Course;  To  continue  the  studies  now  in  progress 

on  Y"a™i"Obutyric  acid  and  2-pyrrolidinone.  If  indicated, 

parallel  studies  with  ^-alanine  will  be  undertaken.  This 

compound  has  analogous  structure  and  properties  with  y^ 

aminobutyric  acid.  Preliminary  data  from  Emory  University 

indicate  anticonvulsant  potency  for  it. 
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Tower,  D,,  Bo  The  status  of  the  medical  treatment  of 
selzureso  Chapto  23  (pp..  313-337)  in  Williams,  D. 
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Project  Title:  Amino  Acid  Metabolism  in  Normal  and  Epileptogenic 

Cerebral  Cortex  _in  Vitro. 
Principal  Investigator:  Dr.  Donald  B.  Tower 
Other  Investigators:  Mr.  Edmund  Peters,  Dr.  Maitland  Baldwin, 
Dr.  C.  Ajmone-Marsan,  Dr.  Igor  Klatzo,  Dr.  William 
C.  Curtis. 
Cooperating  Units:  None 

Man  Years:  Patient  Days:  0 

Total:    0.6 
Professional:  0.2 
Other:  0.4 

Project  Description: 

Objectives :  To  study  the  jn,  vitro  metabolism  of  glutamic 
acid  and  related  amino  acids  in  brain  tissue  samples  from 
experimental  animals  and  human  patients  operated  on  for 
focal  epilepsy 

Methodology;  Slices  of  brain  tissue  samples  are  incubated 
by  methods  previously  reported  (Tower  and  Elliott,  Am.  J. 

Physiol.  168;  747  (1952)).  Amino  acid  analyses  are  carried 
out  by  various  established  enzymatic  methods,  by  paper 
chromatographic  isolation,  or  column  chromatography, 
Carbon-14-labelled  compounds  are  isolated  by  either  of  the 
latter  two  methods  and  counted  by  a  gas-flow  windowless 
counter  by  standard  techniques. 

Patient  Material;  Samples  obtained  from  NINDB  patients 
operated  on  for  excision  of  epileptogenic  foci. 
Major  Findings ;  The  prosecution  of  this  project  continues 
to  be  delayed  by  the  slowness  with  which  necessary  Carbon- 
14  labelled  compounds  can  be  obtained.  Most  of  these,  such 
as  glutamine,  asparagine  and  yaniinobutyric  acid,  require 
custom  synthesis  and  have  been  on  order  for  6-8  months. 
Until  they  are  in  hand  much  of  the  contemplated  study  must 
be  held  up.  In  addition  the  method  previously  developed 
in  principle  for  simultaneous  analysis  of  all  free  cerebral 
amino  acids  as  the  dinitrophenyl  derivatives  has  been  delayed 
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by  instrumentation  problems.  These  now  appear  to  be  solved 
and  the  work  on  standardization  of  the  kinetics  of  the  con- 
version reaction  and  of  the  column  adsorption  procedure  is 
under  way.  In  the  meantime  certain  studies  have  been  carried 
out  by  methods  previously  worked  ojit.  The  dependence  of 
glutamic  acid  metabolism  upon  glucose  utilization  has  been 
re=confirmed,  using  an  inhibitor  of  glucose  uptake,  2= 
deoxyglucose.  A  typical  result  is  the  following^ 

(jLtM/g./hr.) 

Normal  Control  2-°DeoxYalucose( lOn^) 
Glutamic  Acid=Initial            6,7  (6,7)        ^ 

*■  (After  60  rain, incubation)     9,1  1»8 

"Change  +2,4  =•  4,9 

€lutaraine  =  Initial  4,1  (4.1) 

•*  (After  60  min. incubation)    6.4  5,6 

+  2,3  4  1.5 

It  has  been  established  that  most,  if  not  all,  of  the 
cerebral  glutamic  acid  is  derived  from  glucose  and  that 
glutamic  acid  can  be  called  upon  in  the  absence  of  usual 

--- -      substrates  to  support  energy  metabolism,  'The  results  shown 
above  are  consistent  with  these  concepts  and  have  important 
implications  for  abnormalities  of  glutamic  acid  metabolism 
previously  reported  in  this  project. 

The  results  cited  also  indicate  a  peculiarity  of  the 
relationship  between  glutamine  and  glutamic  acid  not  recog- 
nized in  the  original  studies  by  workers  in  this  field. 
The  latter  conceived  of  the  following  readily  reversible 
reactions:  a=Ketoglutarate  ^Glutamic  Acid  «^  Glutamine 

However,  there  are  a  number  of  experimental  situations 
involving  one  of  the  two  amino  compounds  without  a  significant 
effect  on  the  other.  The  results  above  illustrate  one.  Two 
others  have  previously  been  reported  for  this  project 
and  are  summarized  as  follows: 


Conditions 

In  Vitro  2-4)eoxyglucose 

Seizures  from  M.E.G, 

Seizures  from  M.S.O, 
M.S.O.+in  vitro  Asparagine 

<M.E.G.  s  S^methyl-'S^ethylglutarimide 
M.S.O,  s  methionine  sulfoximine). 

The  elucidation  of  the  lack  of  parallelism  of  glutamic 
acid  and  its  amide,  glutamine,  under  these  conditions 
is  occupying  our  attention  because  of  the  basic  and 

practical  implications  thereof.  Using  brain  samples  from 
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animals  with  methionine  sulfoximine-induiced  seizures,  the 
effect  of  methionine  supplementation  has  been  studied,  since 
it  is  known  that  the  toxicity  is  related  to  interference  with 
methionine  metabolism  and  can  be  overcome  j^  vivo  by  massive 
doses  of  methionine.  Preliminary  results  indicate  that  no 
restoration  can  be  achieved  by  supplementing  such  slices  with 
L-methionine  and,  if  anything,  less  glutamic  acid  is  main- 
tained than  in  unsupplemented  slices.  Further  studies,  par- 
ticularly with  isotopical|y=labelled  substrates,  will  be 
necessary  to  uncover  the  mechanisms  concerned. 
Significance  of  Project:  The  importance  of  glutamic  acid 
and  related  amino  acids  to  normal  neuronal  function  and  in 
seizure  states  is  receiving  increasing  emphasis  from  a 
variety  of  studies.  The  prosecution  of  this  project  is 
fundamental  to  understanding  this  importance  in  terms  of 
the  mechanisms  concerned  as  well  as  to  the  solution  of  the 
seizure  problem. 

Proposed  Course:  To  continue  the  studies  in  progress  with 
particular  emphasis  on  use  of  isotope  tracers  to  help 
delineate  the  metabolic  pathways  involved. 
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Part  B: 

Publications : 

Tower,  D.B,^  Amino  Acid  Metabolism  in  the  Central  Nervous 
System,  Annual  Protein  Conf, (Rutgers)  13; 
71-98  (1957) 

Tower,  D.  B.  Glutamic  Acid  and  y^Aminobutyric  acid 
in  Seizures.  Clinica  Chimica  Acta  2:   397- 
402  (1957). 

Tower,  D,  B.  The  origins  and  development  of  neurochemistry. 
Neurology;  In  press. 

Tower,  D.B.  The  evidence  for  a  neurochemical  basis  of 

Seizures  in:  Baldwin,  M.B,  ^  jl,  (EdSe)  Temporal  Lobe 
Epilepsy.  Springfield,  111.,  Charles  C,  Thomas, 
In  press. 

Tower,  D.B.  A  note  on  the  clinical  and  pathological 

aspects  of  toxicity  from  "Agenized"  proteins  and 
methionine  sulfoxiraine.  Ibid. 

Awards  and  Honors;  Dr.  D,  B.  Tower 

Elected  chairman,  Section  on  Neurochemistry, 
American  Academy  of  Neurology,  1957-1959. 

Appointed  to  Editorial  Board  of  Neurology. 
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Project  Title:  The  Metabolism  of  Y^AmiffioMtyric  Acid  in  Neural 

Tissues  in   Vitro 
Principal  Investigator t  Dr,  Guy  McKhanu  "'br- 

other Investigators  s  Mr^  Edmund  Peters ^  Dr.,  Dojiald  B.  Tower 
Cooperating  Units;  Dr,  0,  Mickelsen  ^  NIAMD  Labo  Nutrition 
Dr,  Wayne  Albers  ■=■  NINDB  Lab 
Neuroanatomical  Sciesices 
Man  Years;  Patierat  Days:  0 

Total:  0,6 
Professional:  0*5 
Other:  0.1 

Project  Description: 

Objectives:  To  study  the  metabolism  of  Y'=Aminobutyric 
acid  in  neural  tissues,  to  study  factors  affecting  it 
..  and  to  deduce  therefrom  possible  significance  of  this 
compound  for  neural  function. 

Methodology:  The  unpublished  method  of  Robins  has  been 
adapted  for  this  study„  This  method  determines  y= 
Aminobutyric  acid  fluorimetrically  at  ranges  of  about 
0,01  micromole  and  depends  on  meastarement  of  fluoresence 
of  the  ninhydrin  derivative  of  Y"affl^«^®5D»Mtyric  acid  in 
the  presence  of  a  standard  amount  of  glutamic  acid  and 
copper  ion^  Slices  of  cerebral  tissues  frora  experimental 
animals  and  hamam  cortical  samples  obtained  at  operation 
are  incubated  in  standard  WarbMrg  fashSo'ini  and  levels  of 
Y-aminobutyric  acid  determined  ©n  trichloracetic  acid 
extracts  of  such  slices, 

Pa;ti?nt  Jgtteglal:  Obtained  from  NINDB  patients  admitted 
for  other  purposes. 

Major  Findings:  The  fluorimetric  method  for  quantitatively 
determining  Y'^^i^obutyric  acid  has  beeaii  satisfactorily 
adapted  to  this  study.  To  date  only  cat  cerebral  cortex 
has  been  studied  in  order  to  obtain  baseline  data  before 
utilizing  human  material.  Cat  cortex  slices  incubated 
in  a  Ringer-bicarbonate  glucose  medium  with  27  mj  K  show 
an  initial  level  of  Y^aniinobutyric  acid  averaging  8„6 
jt2M,/g,  which  rises  during  60  minutes  ineubatioi(t%n  average 
of  1,1  ^/g„  Without  the  stimulatory  effect  of  excess 
potassium  in  the  medium  no  such  rise  is  observed..  The 
levels  obtained  are  comparable  to  those  reported  by  Roberts 
for  cat  cerebral  cortex,  using  a  different  method.,  When 
such  slices  are  supplemented  with  pyridoxal  phosphate, 
the  increase  in  Y^an^inobutyric  acid  is  doubled  during 
incubation.  Supplementation  with  glutami©  acid  or 
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glutaraine  quadruples  the  increase.  These  obserirations 
are  consistent  with  the  facts  that  glutamic  acid  is  the 
immediate  precursor  of  Y"a™in«>b''styric  acid  and  when 
present  in  excess  drives  the  system  and  that  pyridoxal 

phosphate,  the  coenzyme  for  eora^ersion  of  glutamic  acid 
to  Y"aniinol>'^^yric  acid,  is  not  normally  present  at  com- 
plete saturation  of  its  apoenzyflse. 

Because  of  the  established  observation  that  glu- 
tamic acid  can  support  oxidatife  metabolism  of  cortical 
slices  in  the  absence  of  glucose,  parallel  observations 
using  y^a^^^obutyric  acid  as  sole  substrate  have  been 
carried  out.  Oxygen  uptake  by  cortical  slices  in  Krebs 
Ringer-phosphate  medium  has  been  measured  raanometrically 
on  sets  of  slices  provided  with  glucose,  glutamic  acid, 
y-aminobutyric  acid  or  nothing  as  respective  substrates, 
v-aminobutyric  acid  has  demonstrated  its  ability  to 
support  resting  oxidative  metabolism  of  such  slices  to 
the  same  degree  as  glucose  or  glutamic  acid. 
Significance  of  Project;  Recent  data  from  a  number  of 
sources  strongly  implicate  disturbance  of  the  glutamic- 
Y-aminobutyric  acid  system  in  many  seizure  states  and 
y-amimobutyric  acid  has  demonstrated  inhibitory  or 
moderating  properties  on  neuronal  activity,  A  thorough 
knowledge  of  its  metabolism  is  basic  to  evaluation  of 
'these  implications  and  to  elueidation  of  its  possible 
modes  of  action,  -  ■-■ 

Proposed  Course;  To  exfcend  these  studies,  using  other 
related  agents,  using  inhibitors,  and  applying  the 
techniques  to  epileptogenic  focus  samples  and  to  samples 
from  pyridoxine-deficient  subjects. 
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Project  Title:  Electrolyte  and  Energy  Metabolism  in  Normal  and 

Epileptogenic  Cerebral  Cortex. 
Principal  Investigator:  Dr,  Donald  Bo  Tower 
Other  Investigators:  Mr,  Edmund  Peters,  Dr.  Maitland  Baldwin, 

Dr.  C,  Ajmone-Marsan,  Dr,  Igor  Klatzo, 
Cooperating  Units:  None, 
Man  Years:  Patient  Days:  0 

Total:  0.6 

Professional:  0,4 

Other:  0,2 

Project  Description: 

Oblectives  :  To  study  in  vitro  metabolism  of  electrolytes 
(sodium,  potassium  and  chloride)  and  of  energy-producing 

cycles  and  compounds  in  incubated  cerebral  cortex  slices 
from  experimental  animals  and  from  human  patients  operated 
on  for  focal  cortical  epilepsy. 

Methodology;  Cortical  slice  incubation  is  carried  out  by 
the  methods  previously  reported  (Tower  and  Elliott,  Am. 
J.  Physiol,  168:  747  (1952)),  using  27  nf  r  in  the  in- 
cubation medium  and  reweighing  the  slices  after  incubation 
to  obtain  the  correction  factor  for  slice  swelling 
(extracellular)  during  incubatiora.  Sodium  asd  potassium 
are  determined  by  internal  standard  flame  photometry  and 
chlorides  by  either  silver  titration  or  by  the  new 
Cotlove-Bowman  electrometric  method.  Parameters  of  energy 
metabolism  are  deterifiined  !!f  the  following  standard  methods: 
manometric  methods  for  oxygen  uptake  and  for  glycolysis, 
differential  (Dixon-Keilin)  manometry,  NeIson=-Smogyi 
glucose  method,  Barker-Suramerson  lactic  acid  method,  LePage 
barium  fractionation  method,  LeBaron  glycogen  method 
and  Ernster-Lindberg  phosphate  method  with  adaptations 
for  cerebral  tissues  by  Mcllwain, 

Patient  Material:  Human  cortical  samples  obtained  from 
NINDB  patients  undergoing  excisions  of  cortical  epileptogenic 
foci. 

Major  Findings  ;  (1)  Electrolytes:  Using  chloride  as  a 
measure  of  the  extracellular  space,  the 
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changes  previously  observed  in  sodium  and  potassium  have 
been  verified  as  true  electrolyte  shifts  and  not  due  to 
changes  in  space  size.  Thus,  the  following  sequence  of 
events  can  be  outlined  for  incubated  slices;  initially 
(before  optimal  incubation  conditions  are  established) 
diffusion  of  40-50%  of  intracellmlar.K  out  into  medium 
and  replacement  by  equivalence  of  Na  ;  "^n  incubation  with 
glucose  and  oxygen  available,  these  changes  are  completely 
reversed  in  normal  slices  but  remain  at  the  initial 
distribution  in  epileptogenic  slices.  The  classical 
titration  method  for  chlorides  is  difficult  to  apply 
to  the  relatively  small  quantities  present  in  tissue 
slices  since  the  end=poii8t  lacks  precision.  The  recent 
development  of  the  Cotlove~Bowraan  instraiment  not  only 
permits  accurate  determination  of  chlorides  in  such  samples 
but  also  determination  on  the  same  sampte  which  is  used  for 
sodium  and  potassium  analysis.  With  this  method  evaluation 
of  the  many  experimental  situations  available  will  be 
greatly  facilitated.   (2)  Energy  Metabolism;  Considerable 
data  in  this  area  have  been  amassed,  utilizing  the  recently 
introduced  inhibitor  of  glucose  utilization,  2=deoxyglucose, 
Using  this  agent  together  with  appropriate  controls  the 


following  results  have  been  obtained: 


(10  mM) 
2-Deoxvalucose 


Oxygen  uptake/hr  85  60 

Aerobic  glycolysis/hr  52  12 

Anaerobic  glycolysis/hr  61  0 

R.Q.  0,95  0.84 

Glucose  uptake/hr  44  30 

Lactic  acid  production/hr  46  11 

Glycogen  0..9  1.1 

Glucose-6-P  0,6  0.6 

Non-nucleotide  pentoses  1,4  1,5 

Inorganic  phosphate  6,9  4.2 

Creatine-phosphate  1.3>  0.5 

ATP+ADP  0.5  0 

2-deoxyglucos6i  uptake/hr  ~=  15 

2-deoxyglucose=6-P  •=-=  2,7 

Free  glucose  in  tissue  8  22 

From  these  data  several  conclusions  can  be  drawn:  The 
distribution  of  glucose  utilized  can  be  estimated  as 
follows : 
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Oxidation 
Lactic  Acid 
Free  Glucose 
Other 


i%  of  T®tal) 

Normal  Control      2°DeoxvqlMCOse  (10  M) 

32  16 

53  20 

14  63 

1  1 


Thus,  in  the  presence  of  2=deoxyglwicose  most  of  the  glucose 
is  not  utilized  at  all  even  though  the  hexosemorsophosphate 
shunt  or  glycogen  pathways  are  not  impaired.  It  is 
reasonable  to  conclude  from  these  data  that  in  addition 
to  the  primary  block  of  glucose=6«P  to  Fructose-^^P  step 
by  2»deoxyglucose,  there  is  a  secoisdary  inhibition  set  up 
at  the  hexokinase  stage  as  a  result  ©f  ATP  depletion^  Witfi 
this  information  the  effects  of  2=de©xyglucose  inhibition 
on  electrolyte  and  amino  acid  metabolism  are  under  study. 
Preliminary  results  demonstrate  a  profound  degjression  of 
glutamic  acid  levels  without  much  disturbance  of  glutamine. 
This  is  consistent  with  utilization  by  the  tissue  of  glutamic 
acid  as  one  alternative  energy  source  and  re-emphasizes 
the  growing  impression  that  glutamine  and  glutamic  acid 
are  not  as  readily  interchangeable  as  was  previously 
supposed.  On  the  other  hand  the -ability  of  such  slices 
to  reconcentrate  potassium  initially  lest  to  the  medium 
and  to  extrude  the  sodium  replacing  it  is  only  slightly 
impaired  (about  25%)  by  2=deoxygln!C®se»  This  finding 
suggests  a  closer  relationship  of  electrolyte  metabolism 
to  oxidative  metabolism  than  to  glycolysis  and  indicates 
a  fruitful  direction  for  further  study. 
Significance  of  Prefect;  The  importances  of  energy  prO" 
duction  and  of  electrolyte  regulation  to  neuronal  function 
are  well  established.  The  elucidation  of  the  detailed 
factors  involved,  as  exemplified 'above,  is  important  to 
an  understanding  of  the  mechanisms  concerned  with  dys- 
functions such  as  seizures. 

Proposed  Course;  To  continue  the  studies  outlined,  using 
isotopically"=labelled  compounds  aind  othez.  metabolic 
inhibitors,  notably  raalonate  which  affects  Krebs  cycle 
function.  To  extend  these  studies  to  epileptogenic  samples. 


Form  Noo  ORP-2 


Serial  No.   NINDB~9Cc) 

1„  Medical  Neurology 

2o  Clinical  Neuro chemistry 

3o  Bethesdaj,  Maryland 

U.     same  as  56  #NINDB  -  92(c) 


PHS  -  NIH 
Individual  Project  Report 
Calendar  Year  1957 
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and  other  Krebs  cycle  enzymes  in  cell  fractions  of  cerebral 
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Principal  Investigators  Dr.  James  Ao  Shepherd 
Other  Investigators:  None 
Cooperating  Units s  None 

Man  Years  s  Patient  Days  s  0 

Total;  0 

Project  Descriptions  See  1956  Report  (  NINDB  =  92(c)  ). 
Note;  The  appointment  of  DTo  Shepherd  as  PHS  post- 
doctoral  fellow  was  not  approved »  This  project  was 
proposed  by  him  and  predicated  on  his  appointment = 
Consequently  it  was  not  activated  and  no  future  work 
is  contemplated o 
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Part  A. 

Project  Titles  Cerebral  Circulation  in  Minor  Seizures  and 
Effects  of  Hyperventilation  Thereon o 

Principal  Investigators;  Dr..  Louis  Sokoloff^  Dr,  Donald  Bo  Tower < 
Other  Investigators 5  Dr,  Wo  Ko  Engelj,  Dto  Co  Ajmone  -  Nfeirsano 
Cooperating  Units g  NonCo 

Man  Years s  Patient  Dayss  0 

Totals  0 

Project  Descriptions  See  1956  Report  (  NINDB  -  90(c)  ), 
Notes  This  project  was  not  activated  in  1957  due  to 
lack  of  suitaTie  patient  material  and  prior  commitments 
on  the  part  of  Dr,  Sokoloff  preventing  his  undertaking 
the  studies.  The  project  has  therefore  been  discontinued. 
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Principal  Investigators  Dto  Wo  K,  Engel 
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Cooperating  Units s  None 

Man  Years;  Patient  Days;  0 

Total;  0 

Project  Descriptions  See  1956  Report  (  NINDB  -  93(c)  ). 
Note ;  This  project  was  planned  by  Dr.,  Engel o  Before 
its  inception  he  became  interested  in  another  project 
and  asked  that  this  one  be  cancelled. 
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'  Project  Titles  Vitamin  B12  ^^"^^^^  ^^   Cerebrospinal  Fluid o 
Principal  Investigators  None 
Other  Investigators;  None 
Cooperating  Units?  None 

Man  Years g  Patient  Days:  0 

Totals  0 

Project  Descriptions  See  1956  Report  (NINDB-99(c) « 

Note:  This  project  was  begun  in  1956  by  DTo  Charles  Wells, 
Technical  difficulties  prevented  his  continuation  of 
the  project  and  after  his  departure  from  NIH  in  December 
1956,  no  replacement  for  him  could  be  found  nor  anyone 
interested  in  carrying  it  on. 
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Project  Title-   Neurochemical  Studies  on  Patients  with 

Phenylketonuria , 

Principal  Investigators:   Dr„  Anatole  DeKaban,  Dr„  W„  C  Curtis, 

Other  Investigators s   Mro  John  Phoen.ix,  Mr^  Lamar  Kenerson, 

Cooperating  Units:   None 

Man  Years  Patient  Days:   O 

Total:    0.3 

Professional:   Ool 

Other:   0„2 

Project  Description:   See  1956  report  (   NINDB  -  90(c)    ), 
Note:   This  project  was  discontinued  after  preliminary 
work  demonstrated  that  no  suitable  method  existed  for 
determination  of  phenylalanine  in  sera  or  CSF  of  young 
children  and  after  the  clinical  investigator  decided 
not  to  prolong  admission  of  patients  on  the  chance 
that  development  of  this  and  other  methods  could  be 
achieved. 
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Part  A; 

Project  Title:  Distribution  of  Actin  and  Tropomyosin  in 
Normal  and  Diseased  Muscle. 

Principal  Investigator:  Dr.  Beni  Horvath 

Other  Investigators:  Mr.  Joseph  Proctor,  Dr.  Igor  Klatzo,  Miss 
Barbara  Garry. 

Cooperating  Units :  None. 

Man  Years:  Patient  Days:   0 

Total:  0.6 
Professional:  0,3 
Other:  0.3 
-Project  Description: 

Objectives;  To  obtain  further  information  on  molecular 
architecture  of  striated  muscle  and  to  study  the  distribution 
of  functionally  important  structural  proteins  in  normal  and 
diseased  muscle.  ■       < 

Methodology;  Actin  is  prepared  by  a  modification  of 
Mommaert's  procedure  and  tropmyosin.&y  Bailey's  original 
method.  This  yields  both  proteins  at  least  99%  pure. 
Rabbits  are  immunized  with  these  preparations  and  the  immune 
sera  collected.  The  globulin  fraction  of  such  sera  is 
labelled  with  fluorescein  and  histological  preparations  of 
normal  and  of  diseased  muscle  stained  with  the  labelled- 
globulin  according  to  the  technique  of  Coons, 
Patient  Material:  Muscle  biopsy  specimens  are  obtained' 
from  NINDB  patients  admitted  for  other  purposes. 
Major  Findings :  A  preliminary  study  carried  out  with  Dr. 
Igor  Klatzo  and  Dr.  E.  W.  Emmart,  using  this  technique 
for  myosin,  has  demonstrated  the  feasibility  of  applying 
this  approach  to  human  muscle  (See  Projiect  NINDB-       (O). 
The  pure  actin  and  tropomyosin  proteins  have  been  prepared 
and  immunization  of  rabbits  is  in  progress. 
Significance  of  Project;  The  technique  ■'^outlined  is  a  highly 
specific  staining  procedure  making  localization  of  indi- 
vidual protein  components  of  tissues  possible.  The  use 
of  several  muscle  proteins  should  give  a  more  detailed  picture 
of  structural  derangements  of  diseased  muscle  and  help  to 
clarify  mechanisms  of  the  disease  processes. 

Part  B  included  ^es/x7       No  /""T 


NINDB-14(c) 

Form  No.  0RP-2a 


I'roposed  Course :  To  carry  out  studies  outlined  above.   In 
addition  species  specificity  of  actin  and  tropomyosin  will 
be  studied  by  precipitin  reactions.  From  previous  studies 
it  is  probable  that  these  proteins  are  not  species  specific, 
and  if  so,  then  proteins  from  animal  sources  can  be  used 
for  immunization  and  preparation  of  labelled  immune 
globulins. 
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Profict  Title; 


Alterations  in  Actomyosin  tensile  strength 
and  muscle  proteins  in  Neuromuscular  Diseases, 
fipal  Investigators  Dr,  Beni  Horvath 

G.  M.  Shy;  Mr.  Joseph  Proctor 


Ppii. 

0th. i-  investigators:  Dr 
Goo,i)rating  Units  s  None 
Man  y*ars: 

Tc--al:     1,0 

Professionals  0.5 

Other*.  0.5 


Patient  Days:  0 


Project  Pes  Tiptions 

Ob.1ectiV'3Ss  To  compare  normal  and  diseased  human  muscle 
biopsy  specimens  for  actomyosin  content,  tensile  strength 
of  actomjosin  threads  prepared  from  such  biopsies  and 
physico-cnemical  characteristics  of  proteins  therein. 
Methodology s  Muscle  samples  are  obtained  by  biopsy  under 
nerve  block  anesthesia  and  are  stored  frozen.  Control 
muscles  are  obtained  within  2  hours  post-mortem  from 
autopsies  on  cases  not  afflicted  with  neiiromuscular 
diseases.  Samples  of  muscle  from  a  strain  of  mice  with  an 
heriditary  disease  resembling  human  muscular  dystrophy  were 
also  collected.  All  samples  were  subjected  to  two  types  of 
extraction  procedures:   (l)  Using  an  alkaline  solution  of 
KI  for  maximal  actomyosin  yields  and  (2)  parallel  extractions 
with  the  more  conventional  alkaline  K  Gl  solution.  Both 
types  of  extracts  were  dialyzed  to  reduce  salt  concentration 
and  to  precipitate  actomyosin.  The  actomyosin  was  dissolved 
in  0.5  M  K  CI  and  analyzed  in  the  ultracentrifuge. 
Patient  Material;  Mus  de  biopsy  specimens  obtained  from 
NINDB  patients  admitted  for  other  purposes. 
Ma.jor  Findings;  During  most  of  th«  ultracentrifuge  run 
only  one  component  is  detectable  in  the  extracts  from  human 
control  muscle.  This  component  appears  to  be  myosin  as 
judged  by  its  sedimentation  and  diffusion  properties.  In 
extracts  from  human  muscular  dystrophy  specimens y  prepared 
in  identical  fashion,  a  number  of  components  are  seen  on 
ultracentrifugation.  Slight  modifications  of  the  methods 
permit  some  resolution  of  the  complexity  observed  for  these 
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extracts.  Mis de  extracts,  whether  derived  from 
diseased  mic©  os   normal  controls,  show  a  number  of 
components  when  extraction  is  made  with  KI,  but  only 
two  (myosin  and  actomyosin)  on  extraction  with  K  Clo 
Significance  of  Pro.ject;  This  project  is  part  of  an 
integrated  effort  involving  many  disciplines  directed 
toward  elucidation  of  the  nature  of  myopathies  such  as 
muscular  dystrophy j,  myotonia  and  myasthenia  gravis. 
One  possibility  is  some  abnormality  of  contractile 
proteins  in  these  diseased  muscles ^  and  this  project 
is  designed  to  investigate  that  possibility. 
Preposed  Course?  To  continue  the  above  studies ^ 
extending  the  observations  on  mice  to  later  stages 
to  determine  whether  the  failure  to  observe  dif- 
ferences between  control  and  dystrophic  mice  is  due 
to  studying  too  young  animals  <>  In  addition  human 
dystrophic  muscle  will  be  studied  with  slight 
modifications  of  methods  in  an  attempt  to  isolate 
and  individually  characterize  the  extract  components. 
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Project  Title:  Comparative  biochemistry  of  Smooth  Muscle  and 

Striated  Muscle  Actomyosin 
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Project  Descriptions 

Objectives;  To  characterize  uterine  and  striated  muscle 
actomyosin  in  physico-chemical  terms  preliminary  to  study 
of  actomyosin  synthesis  in  uterine  muscle. 
Methodology;  See  under  Major  Findings » 

Patient  Materials  Biopsy  specimens  from  patients  admitted 
to  NINDB  for  other  purposes, 

Ma.ior  Findings ;  Nitrogen  determinations,  by  a  Nessler 
colorimetric  method,  has  been  adapted  for  muscle  samples 
weighing  less  than  1  gramo  Using  a  large  number  of 
samples  of  control  human  and  mouse  striated  muscle,  the 
method  is  capable  of  accuracy  better  than  5%   and  permits 
3  parallel  determinations  to  be  made  on  the  follovdng 
nitrogen  fractions  for  a  few  tenths  of  a  gram  of  muscle: 
(1)  non-protein  nitrogen,  (2)  water-soluble  nitrogen; 
(3)  0„5  M  Kcl  -  soluble  nitrogen^  {U)   non-collagenous 
nltrogeni  and  (5)  total  nitrogen.  The  difference  between 
(1)  and  (2)  -  water  soluble  proteins;  the  difference 
between  (2)  and  (3)  =  myosin  content;  and  that  between 
(3)  and  (u)  -   alkali  soluble  proteins <, 
Signifi canoe  of  Project:  Studies  on  the  formation  of 
actomyosin  may  have  an  important  bearing  on  the  locus  of 
disease  in  muscular  dystrophy  and  other  myopathies,,  As 
a  prelude  to  these  studies  suitable  micromethods  must  be 
developed  to  permit  extension  of  experimental  animal  data 
to  human  biopsy  specimens o 

Proposed  Courses  To  continue  development  of  micromethods 
and  to  apply  those  already  developed  to  human  biopsy  samples 
and  to  samples  of  uterine  mus  d.e  o 
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Project  Title:  Microchemical  Determination  of  Acetylcholine      \ 
Principal  Investigator:  Dr,  William  C,  Curtis  \ 

Other  Investigators:  Mr.  M,  A.  Pogorelskin  ' 
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Project  Description: 

Obiectives :  To  develop  a  specific,  microchemical  method  for 
quantitative  determination  of  acetylcholine  in  biological 
tissues  and  fluids. 

Methodology ;  See  under  Major  Findings, 

Major  Findings;  For  background  of  this  project  see  report 
for  1956  (NINDB=94(C)).  Under  conditions  described  therein, 
using  pure  solutions  of  acetylcholine  and  of  choline, 
reproducible,  measurable  fluorescence  of  the  acetylcholine- 
boron=f lavorjiol  complex  in  acetone  could  be  obtained  and  no 
interfering  fluorescence  from  the  corresponding  choline  com- 
plex. '  However,  when  attempts  were  made  to  carry  out  the  pro- 
cedure in  a  model  biological  fluid,  fluorescence  from  unreacted 
starting  materials  (flavojlgils)  gave  50  to  100%  interference. 
All  attempts  to  remove  these  materials  or  suppress  their 
interfering  fluorescence  have  so  far  failed.  Such  attempts 
have  included:  use  of  a  large  number  of  solvent  systems ; 
use  of  very  narrow-band  monochromator  filters;  trials  of 
solid  state  fluorescence  measurements;  and  attempts  at  papsf 
chromatographic  separation  of  the  final  complex  from  unreacted 
starting  materials. 

Significance  of  Project:  The  need  for  a  quantitative, 
microchemical  method  for  acetylcholine  is  great.  Both 
tsserotonin  and  nor-adrenalin  can  now  be  determined  f luorimetrically 
but  no  analogous  method  for  acetylcholine  is  available. 
Such  a  method  is  essential  for  re-evaluation  of  the  role  of 
acetylcholine  in  neural  function  and  in  relation  to  the  roles 
of  serotonin  and  nor-adrenalin. 
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Proposed  Course:  The  practical  potential  of  the  method  is 
not  promising.  Because  of  its  importance  further  attempts 
will  be  made  to  solve  the  interference  problem.  Resort  to 
adsorption  column  chromatography  is  now  in  progress  to  attempt 
to  separate  the  fluorescent  complex  from  the  interfering 
flavonols,  A  consideration  of  the  possible  nature  of  the 
complex  formed  suggests  that  acetylcholine  may  act  as  a 
catalyst  in  promoting  bonding  between  the  organo-boron 
compound  and  the  flavonols  and  that  the  boncing  is  not  a 
'     very  stable  one.  Such  a  situation  would  impose  further 

difficulties  in  adapting  the  method  to  biological  materials. 
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Part  A 


Project  TitlQJ  The  Nature  and  Characterization  of  Urinary 

Polypeptides,  Pseudo-polypeptides  and  similar  Molecules. 

Principal  Investigator;  Dr.  William  C,  Curtis 

Other  Investigators;  Mr.  John  W.  Phoenix;  Mr,  Lamar  Kenerson, 

Cooperating  Units;  Surface  Chemistry  and  High  Polymer  Section, 

Naval  Research  Laboratories, 

Man  Years:  Patient  Days:  0 

Total;  1.5 

Professional:  0,5 

Other:  1.0 

Project  Description; 

Objectives ;  To  develop  suitable  physico-chemical  methods 
for  isolation,  identification  and  characterization  of 
macromolecules,  such  as  polypeptides,  poiypeptide°like 
materials,  pyrogens  and  the  like,  which  occur  in  biological 
fluids  but  whose  chemical  individuality,  physiological 
significance  and  mechanisms  of  action  remain  obscure. 
Methodology ;  See  previous  report  for  1956  (NINDB-95(C)). 
Patient  Material :  Derived  from  NINDB  patients  admitted 
for  other  purposes. 

Major  Findings  :  In  pilot  experiments,  abnormally  high  con- 
centrations  of  urinary  polypeptides  or  pseudo-polypeptides 
of  the  so-called  oxyproteic  acid  types  have  been  found  in 
urines  from  patients  with  muscular  dystrophy  or  Wilson's 
disease^  These  or  similar  materials  are  present  in  the 
surface^active  comp®nents  of  urine  which  are  removed  by 
dialysis,  selective  adsorption  on  solid  surfaces^  and  foam 
fractionation.  Dialysis  involves  considerable  loss  of 
these  components,  and  the  effectiveness  of  selective  ad- 
sorption or  foam  fractionation  in  removing  these  materials 
depends  upon  factors  of  concentration,  ionic  strength  and 
pH,  Thus,  a  fundamental  study  of  surface  chemistry  of  urine 
has  been  undertaken  to  provide  a  basis  for  refining  the 
techniques  for  isolation  of  surface^-active  urinary  con- 
stituents so  that  they  can  be  identified,  quantitated  and 
characterized. 
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This  phase  of  the  project  has  necessitated  rwt  only 
the  design  of  carefully  controlled  experiments  but  also 
the  elaboration  of  a  sound  theoretical  basis  to  account 
for  experimental  data  and  to  provide  reliable  predictions 
from  observed  facts.  The  necessary  stwdies  concerned  with 
this  phase  are  almost  completed,  so  that  the  theoretical 
implications  derived  therefrom  can  shortly  be  summarized 
and  published. 

Significance  of  Project;  The  complex  polypeptide  macro- 
molecules  which  occur  normally  in  urine  are  considered  to 
be  products  of  jj  vivo  degradation  of  proteins.  In  certain 
pathological  states,  notably  neurological  and  neuromuscular 
diseases,  the  urinary  output  of  these  materials  increases 
markedly.  No  successful  attempt  to  characterize  these 
substances  has  ever  been  reported.  Since  there  is  a 
degeneration  of  nerve  and  muscle  tissue  in  the  diseases  where 
urinary  output  of  these  substances  occisr,  the  significances 
and  correlations  of  these  findings  require  study.  More 
fundamentally  such  studies  may  bear  on  the  general  problem 
of  protein  meti^bolism,  particularly  its  catabolism. 
Proposed  Course;  To  continue  the  study  along  lines 
indicated  above. 


r 
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Part  As 

Project  Title:  Physico=chemical  studies  of  H«jman  Cerebrospinal  Fluid 

Proteins  in  Demyelinizing  Diseases. 
Principal  Investigator:  Dr.  William  C.  Curtis 
Other  Investigators:  Mr.  John  Phoenix,  Mr,  Lamar  Kennerson, 

Mr,  Edmund  Peters,  Dr.  D.  B,  Tower. 
Cooperating  Units :  None 

Man  Years :  Patient  Days :    0 

Total:   1.6 
Professional:  0,4 
Other:  1,2 

Project  Description: 

Objectives :  To  study  the  nature  of  abnormalities  in  protei  n 

fractions  of  cerebrospinal  fluid  from  patients  with 

demyelinating  diseases. 

Methodology:  See  under  Major  Findings, 

Major  Findings ;  As  a  preliminary  to  the  type  of  sti 

projected,  suitable  methods  for  the  isolation  and  sl 

of  proteins  in  micro  quantities  m«jst  be  developed.  Such 

methods  must  be  capable  of  dealing  with  less  than  100  mi  "-i> 

grams  of  protein,  must  permit  complete  characterization 

of  physical  and  chemical  properties  thereof,  and  must  not 

alter  the  native  state  of  the  protein.  To  satisfy  these 

requirements,  the  methods  must  be  developed  using  a  protein 

on  which  these  points  can  be  readily  checked  as  operations 

proceed. 

As  indicated  in  the  1956  report  (NINDB-96(G))  guinea 
pig  serum  asparaginase  was  chosen  for  the  model  protein. 
This  choice  was  based  upon  the  facts  that  it  is  a  glooulin, 
it  possesses  easily  assayed  enzyme  astivity,  and  it  is 
readily  available  for  study.  The  first  phase  of  the  study 
of  this  protein  has  been  nearly  completed,  except  for 
verification  of  electrophoretic  data  obtained  using  the 
Kern  microapparatus  by  more  conventional  apparatus,   (Due 
to  the  small  volumes  and  concentrations  involved^  t^iiiical 
difficulties  has  been  encountered  which  have  delayed  this 
final  evaluation  for  some  months).  Upon  completion,  these 
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data  will  be  summarized  in  a  publication  describing  optimal 
conditions  and  methods  for  initial  isolation  and  puri- 
fication of  the  protein,  suitable  procedures  for  concen- 
tration and  storage  without  denaturation  and  physico- 
chemical  characterization  of  this  partially  purified 
preparation  by  electrophoretic  and  ultraceatrifugation 
techniques. 

The  partially  purified  enzyme  preparation  has  beera 
found  to  contain  at  least  two  macroraolecular  (?  protein) 
contaminants.  Attempts  to  remove  them  by  electrophoresis 
or  ultracentrifuge  separation  failed.  This  led  to  evaluation 
of  other  methods  and  in  this  connection  it  has  been  found 
that  the  enzyme  protein  can  be  quantitatively  adsorbed  on 
modified  cellulose  and  in  carbon  dioxide  foam,  suggesting 
that  these  methods  may  permit  further  purification. 
Significance  of  Project:  Investigation  of  neurological 
conditions  involving  protein  abnormalities  at  once  impose 
the  limitation  of  the  amounts  of  sample  and  of  protein  in 
the  sample  which  can  be  made  available  for  study.  Con- 
ventional methods  of  protein  analysis  require  quantities 
of  the  order  of  grams  whereas  clinical  samples  can  provide 
only  micrograms  or  at  best  a  few  milligrams  for  study. 
Thus,  the  successful  adaptation  af  micr*  procedures  to 
investigation  of  proteins,  such  as  asparaginase,  will 
permit  detailed  study  of  cerebrospinal  fluid  protein 
fractions  and  eventual  extension  to  brain  and  nerve  proteins. 
Proposed  Course;  To  continue  the  studies  now  inprogress. 
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Part  A. 

Project  Titles   Imvestigatiomj  Localizatiosa  Ceretoral 
Neoplasia  tey  Isotopic  Detectioa 

Principal  Investigators;   ©.  Milton  Sfeys  and  Robert 

Bradley 

Other  lEivestigators:      None 

Cooperating  Units;   Oak  Ridge  National  Laboratory 

Oak  Ridge  J  Tennessee 
Man  Years i 

Total:  ,50  Patient  Days;  iq^ 

Professional:  ,50 

Other :  .  50 

Project  Description; 

Objectives;   An  attempt  to  localize  brain  tumors 
by  utilization  of  isotopic  detection.   Objectives  ©f 
this  project  are  a  study  of  primary  and  secondary  cere- 
bral neoplasias;  an  attempt  at  preoperative  localization 
and  to  demonstrate  the  extent  of  such  tumors  as  well  as'  ■ 
to  obtain  further  indications  of  their  metabolisn. 

Methods  Employed;   The  methods  in  this  procedure 
have~cliange 3" radical ly  as  the  research  has  progressed 
during  the  past  year.   We  were  unable  to  obtain  pure 
Zinc®^  at  a  feasible  cost,  so  that  the  majority  of 
studies  here  are  done  with  lodine^^l.   In  addition  to 
this,  Copper^'*  and  Arsenic'^^  have  been  used  as  positron 
emitters  for  midline  tumors.   Copper®^  was  obtained 
from  Brookhavenp  and  Incorporated  into  Copper  heaat©- 
porphyrin.   Most  of  the  advances  have  been  in  instrumen- 
tati-sn.   All  collimatioa  is  a©w  dome  ^'ItL  two  gold  s©a- 
sitive  voB.iiffi@  collimators  ^  the  pattern  of  which  was 
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Methods  Employed  Cont'd;   decided  after  much  ex- 
perlnentatlom  with  lead  seasitive  voIum©  collimators 
of  varying  sensitive  patterns «   By  using  one  c„mol. 
of  target  source,  it  was  determined  that  the  gold 
should  give  a  ,86  count  as  compared  to  t-fee  lead. 
When  actually  counted  over  the  patient,  however p  a 
discrepancy  of  34  percent  was  found.   This  is  due 
to  the  fact  that  the  background  radiation  from  the 
large  patient  source  was  cut  out  by  the  gold.   Over 
130  patients  have  now  been  used  with  the  double 
headed  synchronous  moving  collimators.   The  accuracy 
of  this  procedure  is  that  of  V®atriculography,  without 
carrying  the  hazard  of  Ventriculography, 

Patient  Material;   NINDB  patients;  tumor  patients 
frc^  the  National  Cancer  Institute;  tumor  patients 
from  National  Navy  Medical  Center;  tumor  patients 
from  Walter  Reed  Hospital,  and  from  Mt,  Alto  Veterans 
Hospital. 

Major  Findings;   The  utilization  of  sensitive 
volume  gold  collimators,  with  three-inch  crystals ^  and 
gamma  spectrometers,  has  proven  a  worthwhile  and  ac- 
curate means  of  localization  of  intracranial  tumors, 
with  minimum  hazard  to  th©  patient.   The  procedure, 
in  addition,  carries  the  possibility  of  detecting 
multiple  tumors  and  demonstrating  the  size  of  intra- 
cranial tumors.   It  is  anticipated  that  this  project 
will  be  finished  in  another  two  months. 

Proposed  Course  of  Project;  At  the  finish  of  tumor 
detection,  this  apparatus  will  be  used  to  study  circu- 
latory changes  in  the  brain  with  unstable  nuclides, 

Slgnifieaace  to  Neurological  Research;   This  pro= 
cedure,  in  demonstrating  its  usefulness,  has  relieved 
one  of  the  major  hazards  in  the  treatment  of  intra-- 
cranial  traiors,  namely,  contrast  studies  with  the 
hazard  to  patient  life  and  the  necessity  of  being  fol- 
lowed by  immediate  operation. 
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Part  B:   Honors,  Awards,  and  Publications 


Publications  other  than  abstracts  from  this  project: 

The  findings  over  the  past  18  months  of  this  study 
are  incorporated  in  a  monograph  to  be  published  by 
E.  &  S.  Livingstone,  of  Edinburgh.   The  chapter  on 
gamma  spectrometer  has  been  written  by  Francis,  Harris 
and  Bell,  of  the  Physics  Division  of  the  Oak  Ridge 
National  Laboratory, 
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Project  Titles 


Physiology  amd  Pt!iarmac®l©gf  isa 
Myastfeeffiia  ©ravis 


Prifficipal  Imvestigators 
Other  lavestigators: 


So  Miltoa  Stey 


Jos®  del  Castillo i,  asad 
William  Matthews 


Man  Y®ars; 
Total;  .10 
Professional"  .10 
Qther;  .10 


Patiemt  Days;   307 


Project  Descriptions   (1-2-016) 

Objectives:   Receat  evidence  shows  the  pathology  of 
nnyastheaia  gravis  t®  profeably  now  li©  in  (1)  altered  m®tor 
end  plates;  (2)  some  type  of  ©ire-ulating  swbstaaeej  either 
c^rareform  or  depolarizing;  (3)  a  block  in  release  ®1 
acetylcholine  o   lewer  techMiqwes  are  now  available  to  al=- 
low  further  research  to  differentiate  these  three  systems. 

Methods  Imployed;   Tfe©  methods  employed  will  be  iclose 
eoabininn  SllDB  f  and  1I.1DB  1,   This  will  consist  ®f 
imtrafiber  reeordiags  with  microeleetrodes  in  single  auMScle 
fibers  ©f  afflicted  muscles  in  myasthenic  man.,   The  utiliza- 
tion will  be  half  miera  glass  pipettes  filled  with  a  .3 
molar  Icl  attached  by  way  @f  a  cathode  follower  system  t® 
appropriate  amplification  \anits„ 

Major  Findings;   Within  the  past  year  Dr.  Li,  Dr, 

■ig'at t , "Br 7~sEy ancTllr ,  Wells  have  been  able  t©  record  for 

the  first,  tia-5  motor  end  plat®  potentials  i®  vivo  ia  th& 
frog  aad  rat»  They  ha^'^eJ  iia  additioiis  i®  TS  vivo  pre- 
paratieas  d©®©  studies  as  t®  th@  origin  anW^physiological 
properties  ©f  spontaneoias  denervation  activity  withia 
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;  Major  Flmdiags  C®nt ' d ;   siagl©  uaiasel©  fiteers  im  viV0„ 
This  mow  makes  possibl©  the  intr®dTaeti®m  of  mi©r®©li'ctr®des:. 
within  muscle  ®f  man.  DiffiGulties  ©meouatered ,  however, 
are  th©  large  ramg©  of  resting  potesstials  drae  to  m&nj   amd 
assorted  teehsaieal  problems,  such  as  tip  p©t©Eitial,  in- 
jured fibers,  etc.  Ruanimg  comcurremtly  with  this  has 
been  a  pharma©ol®gieal  stiad^  of  th©  depolarizing  agents 
on  myasthenic  patients  in  which  in  some  (io'S-o  15  percent) 
improvemeat  has  been  foiand  mp®®  th®  administration  ®f 
hexameth®niwm . 

Proposed  G®mrse  of  Project ;   Th®  projective  research 
will  involve  tM©  attempt  at  measarements  off  minHt®  action, 
potentials  as  recorded  hj   fflii©r®©l®©tr®des  ±m   isolated 
muscle  in  the  sffiyasthenie  muscle  ®f  man,   A  decrease  ®f 
such  minute  potentials  womld,  aec®rding  t©  ©r,  Fatt-latz 
theory,  indicate  a  decrease  in  release  ®f  toiyandles  ®f 
acetylcholine.   2.   To  record  ®¥©r  a  large  series  of 
fibers  th©  resting  potential  before  and  after  the  adminis- 
tration of  depolarizing  agents  in  normal  man  and  animals 
and  compare  t®  myasthenic  man.   This  is  ©n  extremely 
tedious  and  difficult  teehniqu©  and  it  is  not  ¥isualis<ed 
that  any  results  will  be  obtained  of  significant  quantity 
for  statistical  assessment  for  at  least  three  years.   Other 
than  construction  of  a  micromanipulator  for  use  in  humane  j, 
and  the  training  of  personnel  in  the  use  off  capillary  micro 
pipettes,  little  has  been  accomplished  in  this  project  in 
that  the  principal  investigator  has  thrown  th©  majpirity 
of  his  efforts  into  Project  Mo.  NIIDB  111  (c) j  "Investiga- 
tion.  Localisation  Cerebral  Meopiasla  by  Isotopic  D@te-j- 
tion".  When  this  latter  project  became  ©f  promise,  it  *as 
assumed  that  the  latter  project  would  be  finished  in  tja@ 
early  part  ©f  next  year,  and  that  this  Myasthenic  Project, 
will  become  the  important  Project  of  the  coming  year. 
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Project  Title:   Clinical  Manifestations  of  Cortical 
Sensory  Loss,  and  Visual  Manifesta- 
tions of  Discreet  Lesions,  within  the 
Parietal  Lobe  in  Man 

Principal  Investigators:   G.  Milton  Shy  and 

Gunter  Haase 

Other  Investigators:      None 

Man  Years: 
Total:  .10 

Professional:  ,10       Patient  Days:   1 
Other:  ,10 

Project  Description: 

Objectives:   To  determine  the  most  sensitive  sensory 
loss  due  to  cortical  lesions  in  the  parietal  lobe  in  man, 
and  to  elucidate  further  the  pathways  necessary  for  optico- 
kinetic  nystagmus = 

Methods  Employed;   Over  the  past  five  years,  25  sur- 
gically  confirmed  lesions  of  the  cortex  of  the  parietal 
lobe  have  been  accumulated,  in  which  detailed  studies  of 
newer  methods  of  testing  sensory  loss  in  man  from  such 
lesions  were  utilized.   The  material  is  unique  in  that 
the  location  of  the  lesion  could  be  confirmed  by  stimula- 
tion at  operation.   Methods  employed  are  detailed  discrim- 
inatory sensory  challenge,  using  the  unaffected  side  as 
the  normal  control , 

Patient  Material:   Approximately  25  cases  of  focal 
lesions  of  th©  parietal  lobe  were  available  for  this  study. 

Major  Findings:  The  position  sense  is  the  most  highly 
integrated  sensation  found  in  the  parietal  lobe  of  man  with 
methods  available  today,   2.   Discrimination,  extinction, 
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Major  Findings  Cont'd;   f igtsre-writing,  etc,  are 
relatively  gross  tests  for  damage  to  the  parietal  lobe. 
3.  Optico-kinetic  nystagmus  is  due  to  the  factor  of  at- 
tention and  nothing  else.   Those  patients  who  extinct 
visual  stimuli  also  lose  optic-kinetic  nystagmus.   Finally. 
the  pain,  as  such,  is  not  lost  in  cortical  lesions,  al- 
though inatte/iition  to  pain  may  make  it  appear  to  be  so. 
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Publications  other  than  abstracts  from  this 
Project: 


Shy,  G.H.  and  Haase,  6.R.:  Sensorische  Storungen 
bei  Scheltellappenlaslonen.  Deutsche  Zeitschrift 
f.  Nervenheilkunde,  Bd.  176,  S.  519-=542.   1957 
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Part  A. 

Pr®ject  Title;   Histopatfeological  InvestigatioEs  of 
Meuromuscular  Disorders 

Primeipal  Investigators;   ©„  Milton  Sfey  and  Theodor 

Wanko 

Other  Investigators;      Hone 

Man  Years; 
Total;  .20 

Professional;  .20       Patient  Days;   2^697 
Otber ;  » 20 

Project  Description; 

Objectives;   To  determine  some  of  the  basic  anatomi- 
cal and  physiological  changes  ©f  single  muscle  fibers  in 
disease. 

Methods  Employed;   As  noted  in  the  project  sheets  of 
1955  5  the  initralTpSase  of  this  study  was  completed  in  the 
formation  of  an  Atlas  of  Muscle  Disease  in  Neuromuscular  • 
Disorders.    Such  an  Atlas  will  f®rm  the  first  basic  patho- 
logical control  for  further  studies.  At  the  present  time^ 
it  is  now  the  desire  to  enter  further  into  the  following 
fields;   1.   Electron  microscopy  @f  diseased  aad  normal. 
muscles  which  will  be  done  in  collaboration  with  Dr.  Wanko 
and  his  unit.   This  will  be  accomplished  by  minute  injec- 
tions of  osmis  acid  im  vivo  and  subsequent  removal  for 
microscopic  preparations.   Sections  will  be  made  with  glass 
microtomes  and  studied  under  the  electron  microscope  at 
1/400  micron,   2,   In  addition  t®  standard  histocfeemical 
methods  now  available »  such  as  PAS  stain ^  Gomeri  Trichrom^j 
etc, 5  it  is  hoped  with  the  collaboration  of  Dr.  Klatz©  of 
the  Section  of  Neuropathology j  to  enter  into  further  studies 
b'S'   .:^-eans  of  tagged  antibodied  myosins  aiSid  to  study  suck 
strv.ctures  ua^er  polarized  and  ultraviolet  monochromatic 
radiation,   3.   A  study  of  phase  microscopy  of  fresh  muscle 
removed  from  biopsy  specimens.  At  the  present  timev,  @n© 
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Methods  Employed  (Cont'd.);   of  th©  intrigMimg  aspects 
of  this  is  the  startling  appearamce  of  the  so-called 
sarcosomes  which  ar©  aot  readily  present  or  appareat  ©e 
optical  microscopy, 

Patieat  Material;   Approxiaately  70©  cases  of  miuis= 
cular  dystrophy  ar©  mow  available  for  this  study,  (N=2=401) 

Major  Findings;   Discovery  ©f  a  mew  €'is?@as©  emtity 
of  miascl©  with  Mmiq^e  arcfeitectiaral  arraiagesgieiit  of  MMScle 
fibrils  withisi  the  miasel®,  Pufelicatiom  of  the  Atlas 5  fey 
E,  &  S,  LiviffigstOEej  ©f  Edisafearghj  Scotlaad, 
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Part  B;   Honors,  Awards,  aiad  Piatelicatioms 

Publications  other  thaa  abstracts  from  tfeis  projects 

1.  GreeEfield,  J.G,,  Shj,   G.M,,  Alvordj,  E.C,  aiad 
Berg,  L.:  An  Atlas  of  Muscle  Pathology  im  Neuro- 
muscular Diseases,   E.  &  S,  Livings toa.  Ltd,, 
Ediffiburgh,  Scotland,   1957 

2,.  Sfefi,  G.M.  and  Mag©@,  K,R,i   A  New  Congenital 

N®n=Progressive  MyopatSif,   Brain ^  Vol,  79 ^  Part 
IV,  pp.  610=621,  1956 

3.  Drager,  (S,A.,  Hammill,  J,F,,  Shy,  Ca.M,s 

Paramyotonia  Congenita, Accepted  by  Archives  of 
Neurology  and  Psychiatry,  for  publication  by 
the  end  ©f  1957 
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Part  4. 

Project  Title:   Spirochetes  and  viral  aatigeas  and 
their  relation  to  the  spinal  fluid 
and  blood  of  multiple  sclerotic 
patients 

Principal  Investigator:   Marvin  C.  Korengold 

Other  Investigators:   Edward  Hampp,  A.  Sabin  and 

Robert  Huebner 

Man  Years: 
Total:  .10 

Professional:  .10         Patient  Days:   22 
Other:  .10 

Project  Description: 

Objectives;   To  attempt  to  isolate  spirochetes  in  the 
spinal  fluid  of  multiple  sclerotic  patients.   Samples  ©f 
:, spinal  fluid  and  blood  were  obtained  from  22  well-screeaed 
multiple  sclerosis  patients  and  referred  to  Dr.  Huebner 's 
laboratory  for  special  viral'  studies.   Samples  of  blood 
were  obtained  from  22  well-screened  multiple  sclerosis 
patients  and  sent  to  Dr.  Sabin's  laboratory  f®r  special  viral 
determinations  agaiast  the  antigen  obtained  hj   Dr.  Ssr/txa 
from  the  USSR. 

Methods  Employed;   The  method  of  Rose  Ichelson,  as 
described  in  the  Proc.  of  the  Soc.  for  Exper.  B±o.    &  Med. , 
May  1957,  will  be  used  to  attempt  to  isolate  spiroclistes 
from  the  spinal  fluid  of  multiple  sclerotic  patients.   A 
special  laboratory  procedure  and  chemical  media  has  been 
described  by  Miss  Ichelson  and  an  attempt  to  duplicate 
this  procedure  will  be  followed.   15  cc.  of  spiEal  fluid 
will  be  obtained  from  30  patients  of  well-dociiia©:at*sei 
multiple  sclerosis  (based  on  the  criteria  of  other  multipl© 
sclerosis  projects).   The  fluid  will  be  transferred  to 
Dr.  Haispp's  laboratcjry  where  special  procedures  will  be 
undertaken  to  attempt  to  isolate  any  possible  spirochetes. 
Each  patient's  spinal  fluid  will  be  studied  unde-r  the 
Ichelson  medium  as  well  as  under  various  other  standard 
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Methods  Employed  Con't;   spirochetal  mediums  currently 
in  use  for  other  purposes. 

Patient  Material;   Patients  will  be  obtained  from  the 
previously  well-screened  patients  with  multiple  sclerosis 
as  designated  by  the  INH  study.   If  additional  patients 
are  required,  they  will  be  obtained  from  the  George 
Washington  Multiple  Sclerosis  Center;  aga  v  ising  the 
same  identical  criteria  as  used  in  the  INH  study,   A  total 
of  30  patients  will  be  included. 

Major  Findings:   Patients  with  multiple  sclerosis  were 
carefully  screened  on  the  basis  of  the  above  criteria 
(having  shown  activity  within  the  past  18  months)  and 
admitted  to  the  Clinical  Center's  Out-Patient  Department 
for  spinal  J  fluid  determinations.   A  total  of  22  patients 
thus  far  have  met  all  of  the  criteria  with  samples  of 
spinal  fluid  being  obtained  and  sent  to  Dr.  Hampp's 
laboratory  for  spirochetal  determinations.   At  this  point 
in  the  study  no  spirochetes  have  been  isolated.   At  the 
conclusion  of  12  determinations,  re-evaluation  of  the 
Ichelson  technique  was  conducted  by  Dr.  Hampp  following 
a  trip  to  the  Ichelson  laboratory.   Slight  changes  in 
technique  were  noted  and  have  been  subsequently  followedj 
again  with  no  isolation  of  spirochetes. 

Significance  to  Neurological  Research:   If  spirochetes 
can  actually  be  demonstrated  in  th**  spinal  fluid  of  multiple 
sclerotic  patients  and  not  found  in  controls ,  it  would 
open  up  new  avenues  for  approach  in  the  therapy  of  this 
disorder. 

Proposed  Course  of  Projects:   The  study  is  still  in 

^^^  ^^  patient  limit  is 
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Surgical  Neurology  Branch 
National  Institute  of  Neurological 
Diseases  and  Blindness 

SUMMARY 


During  the  period  which  this  report  describes,  219  patients  have 
been  studied  on  the  wards.  In  the  Out- Patient  Department  218  patients 
were  examined  in  a  total  of  315  scheduled  visits.  In  the  neurosurgical 
operating  room  129  procedures  were  completed.  Of  this  20  included 
extensive  cortical  explorations  with  stimulator  and  recording  electrodes. 
Fifteen  operations  were  performed  for  space-occupying  lesions  of  brain 
or  spinal  cord.  This  clinical  material  provided  the  basis  for  relevant 
reports  and  laboratory  work.  Twenty- five  were  prepared  for  publication. 

The  majority  of  the  patients  studied  were  epileptics.  Most  of 
these  owed  their  seiz\ires  to  lesions  of  the  temporal  lobe.  Some  had 
seizures  originating  in  frontal^  parietal  or  centrencephalic  systems. 

The  surgical  treatment  of  two  patients  with  temporal  lobe  epilepsy 
has  revealed  an  interesting  syndrome.  In  these  cases  unilateral 
excision  of  the  anterior  hippocampal  gyrus  was  followed  by  loss  of 
recognition  of  familiar  people,  reduction  of  spontaneous  speech^ 
feelings  of  depersonalization,  apathy,  flattening  of  facies,  and  a 
tendency  to  maintain  passive  posturing  of  the  extremities.  These 
patients  resembled  individuals  in  an  acute  schizophrenic  reaction. 
Whatever  the  precise  nature  of  the  clinical  reaction,  it  was  related  to 
anterior  hippocampal  excision. 

Before  treatment  the  patients  with  temporal  lobe  seizures  had 
language  difficulty,  alteration  of  perception,  difficulty  in  relating 
actions  and  time,  deviation  in  affect,  and  ideas  of  reference.  These 
are  inter-ictal  and  chronic.  The  language  difficulty  is  characterized 
by  a  lack  of  substantives  and  a  profusion  of  adverbs  and  qualifying 
phrases  or  clauses.  Their  language,  at  best,  is  ambiguous  and  indirect; 
at  its  worst  it  is  primitive  and  disjointed.  Apparently  they  also  have 
difficulty  in  perception.  The  majority  cannot  relate  themselves  (in 
space)  to  objects  in  their  environment,  and  all  seem  to  have  serious 
difficulty  in  spatial  relationship  of  objects  in  the  environment.  A 
few  of  these  patients  have  ideas  of  reference  and  all  have  serious 
fluctuations  in  mood.  Yet,  paradoxically,  their  mood  fluctuation  is 
usually  slight,  often  inappropriate,  and  always  somewhat  less  marked 
than  the  apparent  stimuli  warranto  The  observer  comes  away  with  the 
feeling  (if  not  the  conclusion)  that  these  people  not  only  have  a  poor 
emotional  balance  but  also  very  little  emotion. 

The  ictal  course  of  temporal  lobe  seizures  has  provided  further 
information  on  their  hallucinatory  effects  and  autonomic  character- 
istics. In  one  case,  visual  reproduction  (by  color  drawing)  of  an 
habitual  ictal  hallucination  served  to  activate  the  habitual  seizure. 
The  autonomic  concomitants  of  these  attacks  have  been  recorded  in 
detail  by  a  polygraph  which  Dr,  Van  Buren  designed  and  now  uses.  His 
records  show  tachycardia  and  inspiratory  arrest  coincident  with  the 


seizure.  These  findings  have  been  apparent  in  lower  primates  after 
epileptiform  activation  of  the  mesial  temporal  regions. 

The  implantation  of  depth  electrodes  in  both  temporal  lobes  has 
provided  a  further  opportunity  for  recording  of  ictal  phenomena^  as 
well  as  lateralization  of  the  essential  epileptogenic  lesion. 

The  relationship  of  centrencephalic  discharge  to  clinical  patterns 
of  temporal  lobe  epilepsy  has  been  studied  as  well.  One  patient 
(whose  electrograms  were  characteristic  of  centrencephalic  activity) 
complained  of  epigastric  sensations  and  developed  automatic  behavior 
thereafter.  Likewise,  the  functional  relationship  of  the  parasagittal 
and  temporal  areas  has  been  studied.  This  relationship  has  been 
observed  in  both  clinic  and  laboratory  and   it  still  poses  a  consider- 
able problem  in  clinical  diagnosis. 

Focal  seizures  have  occurred  in  patients  with  atnormal  movements 
not  related  to  the  seizure  process o  In  three  cases  abnormal  movements 
of  a  type  usually  related  to  extrapyramidal  disease  occurred  in  an 
upper  extremity  which  was  also  involved  in  focal  motor  seizures.  Both 
the  motor  seizures  and  the  extrapyramidal  movements  ceased  after 
excision  of  pyramidal  cortex.  One  patient  with  bilateral  and  extensive 
extrapyramidal  movements  was  relieved  of  these  movements  (on  one  side) 
by  interruption  of  the  middle  third  of  his  internal  capsule. 

This  year  two  large  cranial  defects  were  repaired  with  frozen- 
dried  human  dura  overlaid  with  bovine  embryonal  skin.  These  repairs 
were  successful.,  This  is  the  first  time  such  a  repair  has  been  accom- 
plished. 

Pain  problems  were  studied  by  Dr.  Van  Buren  and  Miss  Blevins  with 
polygraphic  and  psychological  techniques.  These  methods  may  provide  a 
more  objective  assessment  of  pain. 

Brain  tumors  have  been  outlined  (in  surface  extent)  by  the  use  of 
intravenous  fluorescein  and  ultraviolet  light.  This  technique 
(developed  by  Dr.  Laskowski  and  Dr,  Klatao)  is  practical  and  successful 
in  the  outlining  of  gliomas,  A  syringomyelic  cavity  of  the  cervical 
cord  was  drained  at  operation  and  filled  with  a  solution  containing 
200  microcTiries  of  chromic  phosphate  and  10  microcuries  of  RISA, 
Dr,  Shy's  "scanning"  techniques  have  proved  their  value  in  localization 
of  brain  tumors  during  this  years,  and  with  them  we  have  an  additional 
method  for  the  study  of  these  neoplasms. 

In  the  neurosurgical  operating  room  Miss  I^wis  has  remodeled  the 
draping  and  instrument  racks  and  desired  a  "work  room"  for  the  new 
suite.  She  has  continued  her  study  of  aseptic  techniques  and  special 
instruments,  A  new  craniotomy  instrument  has  been  designed.  This  is 
a  powered  saw  constructed  so  as  to  replace  the  traditional  Gigli  saw 
and  Hudson  drill,  Also^  Miss  Lewis  and  Mr,  Debroske  have  designed  a 
new  system  of  depth  electrodes  for  chronic  implantation^  and  Dr.  Van 
Buren  and  Ife",  Debroske  have  completed  the  work  on  tiie  "human  stereo- 
taxic instrument,"  Drs,  Hall  and  Norris  have  measured  respiration  and 


cerebrospinal  fluid  pressure  during  a  variety  of  operations.  The 
cerebrospinal  fluid  pressure  readings  will  establish  a  base  line  for 
judgment  in  treatment  of  increased  intracranial  pressure  at  the 
operating  table.  Likewise^  Dr.  Van  Buren  and  Dr.  Hall  continue  their 
studies  on  the  effects  of  hypothermia  on  various  vital  signs « 

On  the  wards  the  seizure  observation  program  has  been  reinforced 
by  a  photographic  team  which  is  directed  by  Miss  Pimie.  This  team 
now  provides  sequential  photographic  recording  of  habitual  seizures. 

In  the  laboratory  Dr.  Li  has  pursued  his  studies  of  single  unit 
potentials.  He  is  extending  these  in  order  to  cooperate  with  the 
tissue  culture  program  of  Dr,  Klatzo  and  Dr,  Engel.  Dr.  Klatzo  and 
Dr.  Laskowski  have  demonstrated  the  demyelinization  which  follows 
pvuictate  "cold"  injury  in  the  brain.  They  have  developed  an  excellent 
adaption  of  the  fluorescein  techniques  in  order  to  do  this.  Such 
work  is  a  small  part  of  long=range  studies  in  cerebral  edema.  This  is 
a  difficult  problem  (as  yet  unsolved)  which  is  always  an  important 
factor  in  brain  disease,  Dr,  Van  Buren  has  carefully  studied  and 
recorded  the  effects  of  temporal  lobectomy  in  a"  human  brain.  He 
continues  his  studies  of  the  visual  system.  Meanwhile,  Drs.  Hall  and 
Norris  have  completed  the  first  part  of  their  studies  on  Fluothane  and 
continue  their  observations  on  central  relationships  in  the  respira- 
tory cycle,  Dr,  Frost  has  completed  a  report  on  the  effects  of 
(anterior)  commissural  section  as  related  to  epileptiform  discharge  in 
the  temporal  lobes.  Miss  Lewis  and  Dr,  Bach  have  shown  the  epilepti- 
form effects  of  lysergic  acid  and  recorded  (in  color  movies)  the 
psychosis  which  this  drug  causes  in  the  adult  chimpanzee.  It  now 
seems  clear  that  this  psychotic  reaction  does  not  occur  in  animals 
whose  temporal  lobes  have  been  removed.  The  effects  of  bilateral 
hippocampal  removal  have  been  studied^  and  the  general  observations  on 
the  electrical  activity  of  the  chimpanzee  brain  continue.  One  chimpanzee 
responds  to  stimulation  of  an  electrode  (chronically  implanted  in  his 
upper  brain  stem)  with  brief  loss  of  head  posture^  eye  blinking  and 
altered  awareness. 
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Project  Titles     Epileptogenic  Mechanisms  in  the  Brain  of  Man, 
Principal  Investigator;     Maitland  Baldwin,  M,  D. 

Other  Investigators;     C.  Ajmone-Marsan,  M,  D,,  J,  M,  Van  Buren,  M.   D, , 

D.  B.   Tower,  M.   D,,   I.   Klatzo,  M»   D, , 

E,  J.  Laskowski,  M.  D, ,  J.   H,   Mateos,  M,   D,, 
S.  A.  Lems,  R,   N.,   and  Sven  A.   Bach,  M.   Do 

Cooperating  Units;     None, 

Man  Years    (Calendar  Year  1957);  Patient  Days 

Total;     .25  (Calendar  Year  1957) 

Professionals  .25 

Others     .25  2553 

Project  Description; 

Objectives;     To   study  causal  mechanisms   of   epileptic   seizures 
in  man, 
a.      To  study   the   characteristics   of  epileptogenic  areas 
in  the  brain  of  man, 

b*     To   study  the   characteristics  of   the  lesions  which 
predispose  to   epileptogenic  changes  in  ihe  brain  of  man* 

c.  To  study  the    clinical  expression  of   these  epilepto- 
genic areas  in  man» 

d.  To  study  the    electrographic  characteristics  of 
epileptogenic  activity  in  the  brain  of  man. 

e.  To  study  the  approved  methods  of  surgical  therapy 
for  these  lesions  and  develop  new  therapeutic  methods, 

f .  To  study  brain  function  as  it  is  exposed  in  the 
extravagant  experiments  devised  by  these  lesions. 

Methods  Employed; 

a.  Clinical  neurological   examination, 

b.  Special  radiographic  examination. 


Nim)B"25Cc) 
QRP-2(a) 

Methods  Employed  (cont'd); 

c.     Electrographic  examination e 
d»     Electrocortigraphic  examination, 
■  6,     Electrical   stimiilatLon  of  the  lesion  exposed  at 
operation* 
f.     Selective  isolation  of   "the  lesion  at   operationo 
go      Cinematographic  and  sound  recjr dingo 
h.     Histological  and  chemical  examinationo 

Major  Findings g     During  the  period  of  this  report  we  have 
observed  117  patients  "whose  epileptic   seizvires  seemed  most  related  to 
tiieir  temporal,  frontal ^   cfr  parietal  lobes  or  to  the   centrencephalic 
sy  stems o 

The  majority  of  these  patients  owe  tiieir   seizures   to  disease  of 
one  or  both  temporal  lobes ^  and   sane  of  these  with  unilateral  lesions 
came  to  surgical  treattnento     The  results  of  this  treatment  were 
reviewed  as  recorded  during  the  past  five  years.     Thus   the  pre-  and 
postoperative  course  of   SO  patients  tjas  reviewed  in  terras  of  therapeutic 
success  or  , failure j  side  of  operation,  type  of  lesion^   and  etiology  when 
known,    '  SS%  of.  this  group  had  one  or  less  seizures  after  operationo 
30^  had  three  or  less  seizures  following  surgical  treatment^  while  1$% 
had  as  many  attacks  after  surgery  as  before.     These  failures   (in 
iiierapy)   occurred  in  cases  with  an  indication  of  bilateral  involvement 
or  in  those  ivii ere  the  electrographic  abnormality  was  more  posterior 
than  anterior  when  reccarded  from  the  temporal  scalp  or  the   surface  of 
the  exposed  lobe.     The  ri^t  temporal  lobe  Tsas  more  frequently  exposed 
than  the  left^  and  the  lesion  most  frequently  exposed  -was  incisural 
sclerosis, 

.       During  the  past  year  a  hemangioma  was  removed  from  the  right 
temporal  lobe  of  a  patient  whose  electrographic  studies  showed  bitem- 
poral epileptiform  abnorraalityo     Sometimes   (in  a  bilateral  case)  it  is 
difficult  or  impossible  to  lateralize  the  origin  of  discharges |  yet 
there  is   (in  some  such  cases)   always  the  possibility,  that  the  epilepti- 
form discharges  ishich  are  recorded  from  both  temporal  regions   are 
actually  unilateral  in  crigino     This  seeming  paradox  is  probably  the 
result  of  the  rapidity  with  which  epileptiform  discharge  passes  across 
the  midline  so  as  to   activate  both  temporal  lobes.     In  monkeys 5  an 
epileptiform  discharge,  originating  in  one  temporal  pole  rapidly 
activates  the   opposite  homologous  areas.     Such  bilateral  activation  can  " 
be  prevented  by  section  of   the  anterior  commissure j   after  which  the 
discharge    (originating  in  one  temporal  lobe)  does  not  spread  to   the 
opposite  side.     However 5  there  are   cases  in  which  the  discharges  seem 
localized  and  lateralized  in  one  temporal  lobe,    .  In  one  of  these 
patients  an  astrocytoma  was  discovered  deep  in  the  mesial  temporal  ;     ■■.■■■ 
str'uctureso      (This  neoplasm  was  not  predicted  from  the  various  preopera-. 
tive  tests,)     This  case  may  be  conpared  to  the   one  xd.th  the  hemangioma. 
Both  were  adolescents  -fciiose  seizures  began  at  about  the  age  of  10  years. 
The  hemangioma  was  on  the  right  side^  while  tiie  astrocytoma  was  found 
on  the  left.     In  the  first  case  iiie   discharges  were  bilateral,,  as      . 
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compared  to  the   -well  lateralized  origin  in   the   second  patient.     Why- 
does  one  objective  lesion  seem  to  cause  bilateral  discharges  and 
another  unilateral  abnormality?     Both  are  slowly  groisdng  lesions  in 
the  mesial  temporal  region,      (The  side  of  the  lesion  does  not   seem 
relevant.)     The  first  patient  had  a  cerebral  infection  before  the   onset 
of  his   attacks.     The   second  case  did  not  have  any  complicating  etiolog- 
ical factors.     Perhaps   the   infective  process   (in  the  :::i   • ':  case)  had 
caused  potential  epileptogenic  lesions  tdaich  isere  activated  by  those 
related  to  ■the  hemangioma? 

In  epilepsy  of  temporal  arigin,  the  most  frequent  clinical 
characteristic  cf  the   attack  is   an  epigastric  sensation.     More  rarely 
the  aura  or  ■warning  is  even  more  complex  and  therefore  more  interesting. 
One  patient  kne^w  he  -was  going  to  have  a  seizure  when  a  passage  from 
"Mark  Tiaain"  flashed  through  his  mind,     Althou^  he  recognized  -the 
passage  as  it  appeared  to  him^  he  could  never  recall  it  afterijrardsj  nor 
could  he  identify  it  after  along  search  -through  the  -writings  of 
Samuel  Clemens.     In  this    case  it  is   surprising  that  attenpted  recollec- 
tion  of   the  psychical  aura  did  not  activate  the  related  seizure 
mechanisms.     Usually  it  doesj   as^   for  example,  in  the  patient   -lAio  -was 
confronted  -with  an  artist's  reproduction  of  his  ictal  hallucination. 
Like-wise;,  verbal  description  of  the  p^diical   aura  is  usually  followed 
by  some  fragments  of  the  related  clinical  phenomena.     One  patient 
(-whose  seizures  began  -with  a  feeling  of   familiarity)   frequently  had 
a  seizure  when  asked  to  describe  her  aura.     Such  description  must  be 
related  to  the  immediate  environment   (as,  for  examples     "Ho-w  -would 
the  furniture  in  this   room  seem  familiar  to  you,    or  how  would  that 
chair  seem  far  a-way?"^  etc) 

The  ictal  pattern   (of  tenporal  lobe  seizures)  is  always 
characterized  by  autonomic  activity. 

In  a  group  of  13  patients,  judged  by  the   usual  diagnostic  measures 
to  be  suffering  from  epilepsy  arising  in  the  temporal  lobe,   a  detailed 
study  by  graphic  recording  was  made  of  19  minor  seizures  and  automatisms, 
If  a  change  in  autonomic  f\inction  appeared,  its  direction  of  change,  in 
general,  appeared  rathe:?   stereotjrped.     Thus,  blood  pressure  rose,  pulse 
rate  increased,    skin  resistance  fell,  the  finger  plethysmogram  deflec- 
■'oion  narrowed,   swallowiiig  or  retching  might   appear,  gastric  motility 
was  inhibited,  and  -respiratory  function  was  impaired,  usually  with 
appearar-ce  of  expiratory  apnea.     In  the   postictal  period  the   digital 
temperatuie  frequently  rose.     With   exception  of  the  ptilse  rate,   the 
responses  thus  closely  followed  those  obtained  from  stimulation  of  the 
limbic  area  in  primates. 

In  the  ar.alysiF    of  the  data,   ttie  importance  of  the  initial  level 
of  autonomic  f uiction  became    apparent  and   speared  to  explain  some 
responses  of  s  paradoxical  na'ture.     Mo  pattern  of   concerted  autonomic 
an-y  on  wa<=:  seen  from  case  to  case,   and  the  various  avtonomic  funcuicns 
showed  a  -remarkable  lac-k  of  interdependence.     Although  a  general   time 
sequi  ce  for  the   appearance  of  the  various  autonomic  and  clinical 
char.ges  could  be  d-'^'aim  up  (showing,  for  example,  that  report  of  an 
B.'ir&  cr  unconsciousness  nearl.v   invariably  followed  rather  than  preceded 
seme  autonomic  changes),   the  actual    sequence  of   appearance  of   autonomic 
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Major  Findings  (cont'd); 
change  appeared  quite  an  individual  one  and  suggested  the  possibility 
of  the  gradual  spread  of  seizure  discharge  "through  spatially  separated 
areas  of  autonomic  representation. 

The  ictal  pattern  usually  considered  characteristic  of  temporal 
lobe  origin  can  be  simulated  by  the   effects  of  epilept'.' '"o-j  :,:    discharge 
■which  apparently  ciriginates  elsewhere.     One  patient  canplainea  of  an 
epigastric  aura.     This  warning  was  usually  followed  ty  pallor^ 
pupillary  chaige 5  masticatory  movemaits^  and  autonomic  behavior. 
Yet  hiselectrographic  studies   show  clear  evidence  of  centrencephalic 
discharges.     This  case   (and  three  like  it)  raises   an  interesting 
question,     'Where  is   the   site  of  action  of  the  discharge  which  causes 
the  automatic  behavior?     (Such  behavior  is  usually  considered  as  an 
effect  of  temporal  discharge  which   spreads  to  the   centrencephalic 
system.)     let  in  these  four  cases  the  activating  and  principal  dis- 
charge seemed  to  originate  in* the  centrencephalic  system  and  spread 
to  the  temporal  lobes.     Perhaps^  after  activation  the  temporal  systems 
can  influence  the  centrencephalic  area  so   as  to  produce  automatic 
behavior? 

In  other  centrencephalic  cases  we  have  observed  patterns 
Characteristic  of  seizures  originating  in  supplementary  motor  areas, 
Adversion  and  posturing  of  the  contralateral  extremities  can  be  related 
to  centrencephalic  discharge,     Likewisej  these  clinical  phenomena  are 
not  infrequently  related  to  discharges  originating  in  the  temporal 
regions.      Indeed,,  there   seems  to  be  some  functional  relationship 
between   supplementary  motor  regions  and  the  temporal  lobes,      Frequantlj-^ 
abnormal  discharges  are   recorded  in  the  ipsilateral  parasagittal  region. 
Also,  experimental  epileptiform  abnormality  of  the  temporal  lobe  in  the 
chimpanzee  is  always  recorded  first  in  the  ipsilateral  parasagittal 
region  after  it  leaves  the   temporal   systems.     Moreover,   some  patients 
■those   clinical  and  electarographic  characteristics  are   those  of   the 
supplementary  motor  area  complain  of  an  epigastric  aura  at  ■the  beginning 
of  their  attacks.     Is  this  because  the  cingulate  gyrus   (close  to  supple- 
mentary motor  cortex)   is  activated  by  spread^   and  activation  there  in 
turn  spreads  elsewhere  in  the  limbic  system?     There  is   some  evidence  for 
strue^bural   conaectlons  between  teiiporal  lobe  and  cingulate  cortex. 

From  clinical  observations,  it  seems  clear   that  many  patients  with 
temporal  lobe   seizures  complain  of  ictal  par-esthesias.     These   are  usually 
described  as  tingling  or  prickling  felt  in  "the  distal  parts  of  an 
extremity  or  extremities.     As  described  elsewhere    (in  the  report  on 
Temporal  Lobe,  Function)  these  abnormal   sensations  may  be  related  to 
sensory  representations  in  "the   temporal  cortex  itself. 

Like-wise,   clinical  observation  indicates  that  some  patients  with 
temporal  lobe  seizures  have  a  very  considerable  interic'oal  language 
-  difficTilty.   .  This  is  .always  present  when  the  maxirmim  epileptiform  abnor- 
rriality  is  along    the  postex'ior   and  lateral   surfaces  of  the  lobe.      It  is 
less  marked  in  right-sided  unilateral  cases  and  most  obvious  in 
bilateral  cases. 
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The  clinical  observation  of  bitemporal  cases  has  demonstrated 
certain  signs  which  may  be  important  in  lateralizing  the  actual  origin 
of  the  attack.     For  example,  one  such  patient  complained  of  change  in 
viision  in  his  right  eye  before  an  attack,     A  close  observation  showed 
th9,t  his  ri^t  pupil  dilated  markedly  as  the  attack  beg:  o     'Dilatation 
of  the  ipsiiateral  pupil  has.  also  been  observed  in  the  monkey  and 
chimpanzee  after  artificial  activation  of  one  temporal  lobe. 

Other  clinical  observation  seems  to  indicate  a  relationship 
between  focal  motor  seizure  activity  and  movements  generally  associated 
with  diseases  of  the  extrapyramidal  system.     Two  patients  complained 
of  "involuntary  movements"   in  the   arm.     The  limb  moved  "by  itself"  in 
a  writhing  pattern.     These  movements  were  left  sided  in  one   and  right 
sided  in  the  other.     Both  cases  had  focal  motor   seizxires  beginning  in 
the  affected  arm.     Both  the  movements   and  the   seizures  responded  to 
excision  of  the  contralateral  motor   cortex,  yet   this  excision  seemed 
to  spare  hand  function  in  each  case.     In  a  third  patient,   involuntary 
movements  and  focal  seizures  of  the  upper  extremity  also  responded 
to  excision  of  contralateral  motor  cortex. 

Clinical  observation  of  spontaneous   seizures  of  all  types  can 
now  be   supplemented  by  detailed  photographic  records  of  the  attacks 
as  they  occiir.     This   development  is   possible  because  nurse-teams  have 
been  trained  and  become  skillful  in  this  combination  of  recording 
techniques,     Inforraation  thus  derived  supplements  and  correlates  with 
the  data  derived  through  observation  of  induced  seiziH'es  in  the  EEG 
Laboratory  lahich  is  described  elsewhere  in  this  Annual  Report. 

Clinical   seizures  can  be  induced  with  lysergic  acid.     Seventy  such 
attacks  have  been  observed  in  chimpanzees  following  oral  administration 
of  this   drug.     The  doses,   administered  by  nrouth,  are  ccmparable  to 
those  given  to  patients  and  volunteers  in  psychiatric  studies.     The 
epileptic  effects  of   this    drug  have  not  been  reported  from  such   studies, 
despite  their  number  and  continuity.     However,  it  is  clear  that  this 
drug  can  cause  severe   seizures  after  ingestion  of  ordinary  doses, 

Signifioance  to  Neurological  Research;     These   observations  may 
contribute  towards  a  further  xmder standing  of  the  psydaological  mschsriisms 
xvihich  seem  to  find  some   structux-al  substrate  in  the  temporal  lobe.     Like- 
wise, we  have  increased  our  understanding  of   surgical  therapy  in  teraporal 
lobe  epilepsy. 

Proposed  Course   of  the   Projects     We  will  continue  the  clinical 
studies  in  the  operating  room  and  on  the  ward.     With  the  new  arganization 
for   seizijre  observation,   the  ward  should  provide  more  data  on  clinical 
seizure  patterns.     In  the  laboratory  we  hope  to  continue   the   studl.es   of 
experimental   temporal  lobe  lesions,    including   the  relationship  of   certain 
drugs  to  these  lesions, 
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Project  Descriptions 

Objectives  s     To  further  understanding  of  functional  represen- 
tations -within  the  temporal  lobe  of  man  and  higher  primates. 

Methods  Employed; 

le     Electrical  stimulation  and  reccarding  of  the  human^ 
■chimpanzee  and  monkey  temporal  lobes s      (a)   directly^  after  operative 
exposurei    (b)  indirectly  by  depth  electrodes  atnd  scalp  recordings, 
-  2,     Ablation  of  all  or  parts  of  the   temporal  lobes, 

3o     Anatomical  studies  of  whole  brain  after  temporal    , 
lobe  excisions.  '       . 

Major  Findings g     Electrical  stimulation  of  the  human  temporal 
cortex  has  evoked  the  following  numbers  and  types  of  responses  in  103 
cases  which  came  to  operation  under  local  anesthesias 

1,     Psychical  2^ 

a»     Illusions 

b.  Hallucinations 

c.  Emotion 

,■■,.,:';   ,","■.       2,   ■  Vestibular  and  auditory    .  '23'- 

3e     Motor       .  25        ' 
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U<*     Autonomic  •        .     .                   5 

5«     Taste  and  sdbII  2 

6.     Second  sensory  7 

7o     Speech  arrest  :           50 

8,     Sensoiy  unclassified  37 

The  last  category  are  novel  and  isere  first  described  in  the  last  Annual 
Report,     Since  then  37   such  responses  have  been  reviewed.     These  are 
characterized  by  a  subjective  sensation  of  tingling  or  prickling.     They 
are  usually  ipsilateral  to  stimulation^  while  a  few  are  contralateral 
or  bilateral.     The  tingling  is  usually  felt  in  ihe  extremity,  and  there 
it  is  more  of  ten  distal  than  proximal.     It  is  probable  that  these 
responses  are  in  some  degree  related  to  autonomic  dianges,  although 
•their  precise  nature  is  not  clear  at  this  time.     As  compared  to  other 
responses  evoked  from  the  human  cortex^,  they  are  most  similar  to  those 
derived  from  the  second  sensory  areas, 

Electrical  stimulation  of  the  human  mesial  temporal  region  has 
evoked  masticatory  movements,  tachycardia,  and  various  ictal  phenomena. 
Samples  of  such  responses  have  been  evoked  during  the  period  of  this 
I'eport  and  previously  described  in  the  last  report,  as  well. 

In  the  labbratoi-y,  repetitive  stimulation  in  the  mesial  temporal 
region  of  the  monkey  propagates  an  epileptiform  discharge  which  can  be 
recorded  in  the  depth  of  the  homologous  (opposite)  temporal  lobe, 
(This  epileptiform  abnormality  is  actually  bilateral,  and  thus  such  a 
preparation  resembles  the  conditions  observed  in  the  bitemporal  epilep- 
tiform discharges  whidi  occur  in  patients.)     Mien  the  anterior  commis- 
sure is  sectioned  or  coagulated  (in  such  a  preparation),  the 
epileptiform  discharge  does  not  extend  across  the  midline.     It  seems 
that  the  anterior  commissure  is  an  important  pathway  in  the  spread  of 
epileptiform  abnormality  from  one  temporal  lobe  to  the  other, 

ikblation  or,  specifically,  sub pial  excision  of  the  posterior  mesial 
temporal  structures,  causes  a  memory  deficit.     In  two  patients  the 
.anterior  part  of  liie' hippocampal  gyrus  was  excised.because  of  electro- 
graphic  abriorraality,    .  (Th^se  inesial  excisions  are  measTired  from  the  tip 
of  the  ujicus,  posteriorly  along  the  tentorial  margin.)     The  first 
excision  mieasured  6  cm,  along  the  tentorial  edge.     The  second   (in  the 
next  case)  measured  $  cm.  along  the  same  axis.     After  excision  ©a*. 
patient  failed  to  recognize  familiar  persons.     Neither  could  Identify 
:,  the  medical :  or  nursing  persoruiel  ^^^^        cared  for  them  during  a,  pr©opera= 
tive  .investigation  lasting  two  months,     Mcreover,  neither  pati©nt  could 
recognlise  the  other  (after  excision),  despite  the  fact  that,  they  w©r© 
close  friends.     Yet  each  was  able  to  identify  ihe  occupation  of  weyd 
personnel  and  each  could  give  his  own  namep  location, and  sltmati^a  ai 
a  patieh-t.     The  il'rgt  case  (with  the  longer  excision)  had  a  rttrop'td© 
amnesia  for  six  months  before  surgery.     Both  patients  ii«re  aJWRegic  fer 
the  week  of  operation  and,  although  the   second  patient  was  oriented  in 
time,  'fee  first  was  not.     He  thought  he  had  been  operatud  en  £ow  weekg 
before,  :,:t^e  actual  date  of  sur.gery,    Eadi  patient  was  relatively  toirt, 
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and  there  was  little  spontaneous  conmunication  or  movement  in  either 
case  during  the  first  ten  days  after  operation.     Moreover^  in  each 
case  passive  posturing  of  an   ann  was  followed  by  prolonged  maintenance 
of  i±ie  postiire.      let  there  was  no  abnormal  sign  in  either  general 
neurological  examination  save  for  flattening  of  the   face,,  and  tests  of 
speech  were  negative^     The  surgical  co\jrse  was  benign  except  for   the 
amnesia J  apathy  J  failure  to  recognize  familiar  persons^   and  the  unusual 
response  to  passive  movement.     The  first  patient   stowed  these  deficits 
for   six  weeks  J   the  second  patient  had  recovered  after  four  weeks.     In 
each  case  these  complicated  phenomena  were  transient.     These  deficits 
followed  excision  on  the  right   side  in  each  patient.     They  have  been 
observed  (as  transient  phenomena)   in  eight  cases  after  creation  of   a 
surgical  lesion  in  the  anterior  hippocampal  gyrus„     Four  of   these 
excisions  were  on  the  right  and  four  on  the  left  side.     This  combina- 
tion of  abnormal   signs  has  never  been  observed  in  103  cases  of  unilateral 
tenporal  lobecton^r  in  which  the  hippocampal  gyrus  was  spared. 

Surgical  excision  of   the  anterior  hippocampal  gyrus  in  the  chim= 
panzee  is   followed  by  flattening  of  the    facie s^  reduction  in  movements, 
loss   of   spontaneous  vocalization^   and  similar  response  to  passive  pios- 
turing  of  the  upper  extremities »     In  general   the  animal  is  passive ^ 
tractable 5   and^  if  left  alone 5  relatively  inert  and  apathetic.     He  no 
longer  responds  to  favorite  caretakers  or  runmates  as  before  operation. 
Indeed^  he   can  be  handled  by  any  human  without  showing  any  particular 
response.     His  response  to  his  runmates  is   characterized  by  withdrawal. 
All  these  responses   (idiich  seem  related  to  posterior  mesial  excision) 
are  most  evident  during  the  four  weeks  immediately  after  operation. 
Thereafter  the  response  to  passive  movement  disappears  and  the  animal 
begins  more  frequent   spontaneous  movenBnts,      Sometime   in  the   second 
month  spontaneous  vocalization  returns  but  passivity  remains.     These 
responses  have  not  followed  excisions  of  the   teirporal   lobe  if  the 
anterior  hippocampal  gyms  was  spared.     However,,  some  animals   (in 
■fcMch  the  hippocampus  has  been   spared)   are  somewhat  more  tractable 
after  excision  of  both  temporal  lobes. 

Bilateral  temporal  ablation  in  the  human  is  not  followed  by  radi- 
cal j,  or  indeed  observable  changes  if   the  hippocampus  is   spared  from 
excision.     Yet  unilateral  excision  irihich  includes  pes  hippocampus  but 
spares  anterior  hippocampal  gyrus  has  been  followed  by  changes  in 
behavior.     Such  patients  are  more  placid  and  less   irritable.     In  one 
such  case   (in  which  excision  cf  right   tenporal  lobe  included  pes  hippo- 
campus)  the  postoperative  behavior  was  placid.,  friendly,  and  cooperative. 
Indeed^    this  patient  began  to  engage  in  social  relationships  on  the  ward, 
and'after  discharge  he  returned  home  for  the  first  time  in  fifteen  years,  . 
(Before  operation  he  had  been  irritable j   often  hostile^   and  occasionally 
so  aggressive  and  destructive  that  he  had  been  confined  in  a  state 
institution.)     His  speech,,  before    surgery,,  was  infrequent  and  usually 
incoherent.     His  placidity  and  tractability  (after  operation)   is   similar 
in  kind  but  less  in  degree   to  that    seen   after  excision  of  pes  hippo- 
^campus  and  anterior  hippocampal  gyrus   in  the  human  or   chimpanzee , 
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After  unilateral  temporal  ablation.,  other  patients  have  shown 
progressive  -weight  gain,  as  well  as  placidity  and  passivLty,     There 
are  very  few  observations  on  metabolic  or  endocrinological  changes 
after  temporal  lobectomyo     Perhaps  "the  weight  gain  follows  retrograde 
change  in  hypothalamus  secondary  to  the  lobectomyo     Some  chimpanzees 
(after  bilateral  lobectonQr)   develop  bradycardia  and   a  reduction  in 
body  temperature. 

The  effects  of  ablatj.on  in  the   chimpanzee  also  include  an  altera- 
tion in  reaction  to  lysergic  acid.     As  reported  last  year^  the  chirapan= 
zee  whose  tempcral  lobes  have  been  reiroved  does  not  become  psychotic 
after  ingestion  of  lysergic  acid.     His  normal  eo-unterpart  responds  to 
lysergic  acid  with  a  dramatic  and  violeat  psychosiso     These  findings 
have  been  confirmed  during  the  period  of  this   reports 

All  these  studies.,  of  the  functional  changes  which  follow  temporal 
ablation^  have  beai  supported  by  anatomical  work. 

The  ten^Doral   connections  in  two  human  brains  have  been  investigated 
by  three=dimensional  reconstruction  methods  through  i±ie  courtesy  of 
I^,  P.  lo  Yakovlev  of  the  Warren  Anatomical  Museam.,  Harvax^d  Medical 
School. 

■;  An  anterior  temporal  lobectomy  destroying  the  lateral  portion  of 

amygdala  .^showed  nuclear  degeneration  in  the  pulvinar  and  lateral  geni- 
culate body.     Tract  degeneration  appeared  in. the  inferior  and  ventro- 
caudal  thalamic  peduncles^  brachium  of  inferior  colliculus^   temporopon- 
tine tract j,  external   sagittal  stratimij  temporo=thalamic  peduncle ^   tempore- 
frontal  connections  and  extreme  capsule. 

A  case  with  one  infarction  of   frontal  operculum  and  another  of  the 
posterior  temporal  and  inferior  pari.etal  region  was  recanstructed. 
Nuclear  degeneration  speared  in  medialis  dorsalis^    (an  anterior  part 
related  obviously  to  the  pedunculus  rostralis  tiiSLLami  and  frontal 
opercular  infarct  and  a  loss  of  cells  posteriorly  without  gliosis 
related  to  the  posterior  infarct) ^  lateralis  posterior.,  pulvinar ^  mesial 
geniculate 5  lateral  geniculatea     Tract  degeneration  was  seen  in  fronto= 
pontine  tracts  rostral  thalamic  peduncle,,  ventrocaudal  thalamic  peduncle 3 
terapQro-=parieto=thalamic  peduncle  5  internal  sagittal  stratum;^,  and 
temper o-parie to =pon tine  tract. 

The  reconstruction   of  degeneration  attending   temporal  lesions  in 
man  has  reconfirmed  most  of  the   temporal  connections  given  by  the  older 
anatomists.     New  findings  consisted  in  degeneration  in  medialis  dorsalis 
following  a  .temporo-parietmCL  lesion  5  the  large  size  and  discreteness  of 
that  portion  of  the  temporo-parieto-pontine  tract'running  between  lateral 
amygdala  and  pons.     The  latter  presumably  provides  the  extra  =hypothalajnic 
path  for  respiratory  arrest  on  amygdal.a  stimulation  deemed  necessary 
from  e3q3erimental  studies  in  lower  animal s.     Reconstruction  of  degenera- 
tions in  primary  auditory  cortex  an.d  itEsial  geniculate  allow  correlation 
of  their  spatial  relationships  of  representation.     The  lateral  genicu- 
late degenerations  have  been  described  elseiAiere    (Project  #NINDB  38(c)) » 
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Significance  to  NeiirologLcal  Research!     These  studies 
correlate  observations  frcm  patient  and  animal  material   so  as  to  further 
our  understanding  of  the  conplex  functional  and  morphological  relation- 
ships in  "the  primate  temporal  lobe  and  its   connections »     Thus^   such 
abstract, functions  as  memory ^  hallucination,  and  dreams  may  be  correlated 
■with  concrete  structures. 

Proposed  Course  of   the  Projectg     It  seems  profitable  to 
continue  the  study  in  the  human  operating  room  and  in  the  primate  labo- 
ratory, as  well  as   on  the  wards,     A  steady  accumiilation  of  information 
concerning  the  results  of  electrical   stimulation^  the   effect  of  experi- 
mental lesions  5  and  the   effect  of    clinical  lesions  may  be  combined  so 
as  to  provide  further  conclusions^      The  findings  relevant  to  hippocampal 
excision  must  be  confirmed.     The  application  of  stimaiation^  recording 
and  pharmacological  techniques  will  continue. 
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Publications  other  than  abstracts  from  this  projects 

Baldwin^  M.5  Frosty  L.  L.^,  and  Wood^  C.  D,     "Face   and  Jaw 

Movements  During  Epileptiform  Discharge  in  Tenporal  Regions,'"' 
Neurology  7  s     15°25,  1957.. 

Baldwin^  M„ ^  Lewis^  So  Ao^  and  Frosty  L,  Lo     "Perceptual  Interference 
After  Cerebral  Ablation."     Perceptual  and  Motor  Skills  It 
U5-U8,  1957c 

Baldwin 5  Mo     "Sensory  Responses  From  the  Human  Temporal  Cortex.'* 
(Chapter  in  monograph  resTilting  from  Second  International 
Colloquium  on  Temporal  Lobe  Epilepsy.,  held  in  March,  1957  - 
Charles  C.   Thomas.,  Publidier.)     In  press, 

Baldwin^  M.     "Electrical  Stimulation  of  the  Human  Temporal  Region,'* 
(For  inclusion  in  monograph  re  Conference  on  Electrical 
Studies  on  the  Unanesthetized  Brain ^  held  at  Georgetown 
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Part  A. 

Project  title;  Studies  of  Involuntary  Movements 

Principal  Investigator:  Maitland  Baldwin,  M.  D. 

Other  Investigators;  Jo  M.  Van  Buren,  M.,  D, 

Cooperating  Units; 

Man  Years  (Calendar  Year  1957) s       Patient  Days  (Calendar  Year 
Total;  .25  "  1957): 

Professional:  .25  220 

Other:  .25 

Project  Description; 

Objectives;   At  the  present  time  there  is  no  adequate 
explanation  of  the  cause  or  mechanism  of  production  of  involun- 
tary movements o   It  is  hoped  by  careful  correlation  of  clinical 
findings,  recording  of  the  electrical  activity  of  deeper  struc- 
tures at  operation  and  study  of  the  anatomical  material  may  provide 
new  information  on  this  subject. 

In  order  that  recordings  can  be  made  from  the  basal  ganglia  and 
coagulation  carried  out  here  if  indicated,  a  stereotaxic  instrument 
is  needed  to  guide  the  electrode.  Since  the  available  designs  seemed 
inadequate  in  some  respects,  development  of  a  new  instrument  has  been 
undertaken. 

Method  Employed: 

1.  Clinical  observation, 

2.  Photographic  techniques, 

3.  Analysis  by  illustration  of  movement  phases. 

Major  Findings:  After  consultation  in  New  York  and  Philadelphia 
where  stereotaxic  instruments  for  human  use  are  presently  employed, 
it  became  apparent  that  the  present  designs  had  several  disadvantages. 
It  was  decided  that  a  satisfactory  stereotaxic  instrument  should  im= 
body  the  following  characteristics:   (l)  It  should  use  rectolinear 
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coordinates  to  permit  use  of  a  standard  brain  atlas  such  as  that  per 
Spiegel  and  Wycis,  (2)  the  instrument  must  be  zeroed  by  x-ray  control 
and  noved  in  relation  to  fixed  points  in  the  brain  itself  since  bony 
landmarks  are  unreliable,  (3)  it  must  permit  electrode  insertion  at 
any  angle  in  order  to  reduce  to  a  minimum  the  length  of  the  needle 
track  and  possible  damage  to  vital  structures,  (U)  any  point  in  the 
thalamus  or  basal  ganglia  should  be  reached  through  a  single  bijrr  hole 
without  having  to  recalculate  angles  of  electrode  insertion  or  do  any 
more  than  move  the  three  rectolinear  coordinates  of  the  electrode  carrier 
(5)  it  must  be  possible  to  place  and  replace  the  instrument  upon  the 
skull  in  precisely  reproducible  positions  so  that  is  is  not  necessary 
to  repeat  the  ventricular  visualization  with  each  placement  ox  the 
instrument. 

The  actual  construction  of  the  stereotaxic  instrument  has  con- 
tinued through  the  past  year.  The  progress  has  been  slow  due  to 
difficulty  in  design  as  well  as  to  delay  in  actual  construction  by 
the  shop  schedules.  At  the  present  tiine  the  electrode  carrier  is 
being  assembled  which  represents  the  last  phase  in  construction  of 
the  stainless  steel  model.  The  weight  of  this  model  is  somewhat 
excessive  (92  lb.)  and  it  remains  to  be  seen  whether  this  proves  to 
be  a  severe  handicap.  If  necessary  another  model  of  the  instrument 
can  be  made  in  anodized  aluminum  which  has  been  found  to  have  satis- 
factory characteristics  for  the  work. 

Turing  the  past  year  the  importance  of  individual  variations  in 
the  space  relationships  of  structures  within  the  human  brain  has  be- 
come evident.   Although  it  is  hoped  to  take  advantage  as  far  as  pos- 
ible  of  stereotaxic  atlases  presently  available  and  those  in  prepara- 
tion elsewhere  a  simplified  method  for  brain  atlas  preparation  has 
been  devised.   This  entails  the  use  of  formalin  fixed  but  unLmbedded 
human  brains  which  eliminate  the  shrinkage  factor  entailed  with  dehy- 
dration and  imbedding.  Reference  points  consist  in  a  sagittal  zero 
plane  in  the  vertical  midline  and  horizontal  and  transverse  zero 
planes  centered  upon  the  anterior  commissure »   The  horizontal  olane 
is  defined  as  a  plane  perpendicular  to  the  sagittal  and  passing 
through  both  the  anterior  and  posterior  commissures.  The  transverse 
plane  is  defined  as  a  plane  perpendicular  both  to  the  sagittal  and 
horizontal.   The  method  consists  of  simply  sectioning  the  brain  at 
5  mm.,  intervals  (vrhich  can  be  dene  accurately  on  a  commercial  meat 
slicer),  A  grid  with  mm.  markings  is  then  placed  over  the  brain  slice 
and  the  grid  and  brain  slice  photographed  together  and  reproduced  at 
1:1  ratio.  Although  various  gross  staining  methods  were   investigated 
it  appears  that  using  good  photographs  the  gray-x-fhite  differentiation 
is  adequate  for  anatomical  localization.   The  advantage  of  this  raetnod 
is  that  in  all  it  talces  approxiraately  two  hours  of  the  technician's 
time  to  cut  and  supervise  the  photography  of  the  entire  basal  ganglia 
and  brain  stem  of  a  single  brain.  If  it  becomes  necessary  to  prepare 
our  own  variation  atlas  of  the  brain  stem  and  basal  ganglia  in  man, 
this  method  suggests  it  would  be  practical  to  do  this  in  a  relatively 
short  time.  Although  shrinkage  due  to  tissue  dehydration  is  avoided. 
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important  factors  of  distortion  may  include  differential  movement 
of  the  brain  during  fixation  due  to  lack  of  supporto  In  addition^ 
the  suspension  of  the  brain  by  the  basilar  arteries  may  induce  an 
abnormal  position.  Steps  taken  to  correct  these  deformities  may 
include  fixation  of  the  brain  by  carotid  perfusion  prior  to  removal 
and  fixation  of  the  brain  in  a  glycerine- formal  mixture;,  the  specific 
gravity  of  which  can  be  adjusted  to  completely  support  the  brain  with= 
out  the  need  for  external  supporto 

Significance  to  Meiorological  Research;  Diseases  which  cause 
involuntary  movements  are  not  understood  and  cannot  be  treated  effect- 
ively.   These  studies  will  constitute  a  step  toward  increased  under= 
standing  in  this  field » 

Proposed c ourse  of  project;   The  techniques  of  observation  will 
be  applied  to  selected  patients  and  some  of  these  patients  will  be 
treated  by  interruption  of  the  pathways  which  subserve  motion,  ¥herever 
possible,  we  will  make  an  anatomical  analysis  of  the  available  material 
and  correlate  these  findings  with  clinical  observations »  Likewise^ 
we  will  begin  correlation  of  this  data  x^rith  observations  made  at  the 
laboratory  on  experimental  animals, 

Folloxiring  completion  of  the  stereotaxic  instrument,  it  is  planned 
to  test  its  accuracy  upon  opaque  objects  placed  within  the  dried  skull 
and  localized  as  would  be  the  case  in  the  living  patient  by  x-ray.   If 
these  studies  show  the  apparatus  to  be  reliable  it  is  planned  to  carry 
out  ventriculography  in  cadavers  and  localize  areas  in  the  basal  ganglia 
and  brain  stem  which  will  be  marked  by  dye.  VJhen  the  brain  is  cut,  it 
will  be  possible  to  estiraate  the  localization  error  of  the  instrument 
and  determine  whether  it  is  reliable  enough  for  patient  use. 
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Part  A. 

Project  title;  Hypothermia  in  Intracranial  Surgery 

Principal  Investigator:  Maitland  Baldwin^  M.  E. 

Other  Investigators;   Jo  M,  Van  Buren^  M.  D.  and  Kenneth  Eallj  Mo  Do 

Cooperating  Units: 

Man  Years  (Calendar  Year  19$7):        Patient  Days  (Calendar  Year 
Total:  .25  195?) 

Professional:  .25  ^Sh 

Other:  .  25 

Project  Description: 

Objectives:  1.  Observation  of  human  brain  under  hypothermia. 

2o  Observe  the  response  in  the  electrocorticogram  to 
cortical  stimulation  and  hypotension.   Control  stud- 
ies with  normothermia  will  be  undertaken, 

3.  Observation  and  study  of  systemic  changes  related  to 
brain  alterations, 

k'     Observation  and  study  of  anesthesia  as  related  to 
neurological  changes. 

5.  Observation  and  study  of  the  effects  of  hypothermia  on 
brain  lesions, 

6o  Experimental  correlations  in  the  chimpanzee  and  other 
animals . 

Methods  Employed: 

1.  Electrical  stimulation  and  electroencephalographic  recording. 

2,  Temperature  measurements. 

3»  Measurement  of  oxygen  saturation  of  blood. 

k*  Measurement  of  acid/base  balance  of  blood, 

5.  Photography, 

6,  Clinical  observation. 

Major  J'indings;  We  have  observed  the  human  brain  under  hypothermic 
conditions  in  36  cases.   In  all  cases,  save  those  with  intracranial 
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neoplasia,  the  brain  appears  slack  and  seems  to  fall  away  from  the 
overlying  dura  and  skull.   In  those  cases  with  intracranial  neoplasm 
the  brain  bulges  much  as  it  does  at  normal  temperatures.  In  all 
cases  the  brain  was  pale,  with  dark  vessels  along  the  surfaces,  and 
in  each  case  the  consistency  was  altered.  The  cortex  and  white  matter 
appear  tough  to  the  dissecting  suction.  Vessels  bleed  sluggishly  and 
the  intracranial  blood  pressure  is  obviously  reduced.  This  applies 
to  abnormal  vessels  such  as  those  in  arteriovenous  malformations. 

We  have  observed  the  effects  of  hypothermia  on  six  of  these 
lesions.  Also,  we  noted  the  gross  effects  of  low  temperature  in 
cases  with  astrocytoma,  meningioma^  choroid  papillomac,  metastatic 
cancer  or  syringomyelia. 

Patients  undergoing  hypophysectomy  in  the  treatment  of  malignant 
metastatic  disease  have  provided  us  with  a  series  of  patients  in  whom 
the  physiology  of  the  normal  frontal  lobe  may  be  investigated  during 
the  course  of  the  procedure.  In  the  past  year  eight  patients  have  had 
hypophysectomy  carried  out  with  hypothermia.  Striking  findings  have 
included  the  normal  appearance  of  the  electrocorticogram,  the  resistance 
of  the  cortex  to  after  discharge  with  the  current  sufficient  to  cause 
slight  burning  of  the  arachnoid  and  the  resistance  of  the  electrocorti- 
cogram to  hjrpotension  when  body  tanperature  is  below  30°  C.  Using 
otheri-ri.se  similar  conditions  of  anesthesia  two  further  patients  have 
been  subjected  to  hypophysectomy  without  hypotherraia.   In  one  of  these 
it  was  possible  to  achieve  acc\rrate  recordings.  In  this  instance  after 
discharge  was  readily  obtained  on  cortical  stimulation  and  delta  activity 
appeared  on  the  electrocorticogram  at  somewhat  higher  blood  pressure 
levels  than  in  the  cold  patients.  Both  with  hypothermia  and  with 
normothennia  the  patients  have  had  a  satisfactory  postoperative  course 
and  more  cases  are  required  to  determine  whether  hypothermia  adds  safety 
to  the  procedure  in  patients  suffering  from  severe  impairment  of 
visceral  function  by  metastatic  carcinoma. 

In  the  laboratory  we  observed  the  effect  of  electrical  stimu- 
lation and  noted  the  characteristics  of  electrocorticograms  under 
hypothermia.  We  did  these  experiments  with  chimpanzees.  The  elec- 
trocorticogram is  reduced  in  araplitude,  and  this  reduction  is  pre- 
ceded by  bursts  of  slow  activity.  Electrical  stimulation  does  not 
excite  the  motor  cortex  under  hypothermia.  Repetitive  electrical 
stimulation  of  the  periamygdaloid  region  does  not  produce  the  seizure 
activity  which  always  follows  this  stimulation  at  normal  temperatures. 
Also,  we  studied  the  effect  of  direct  application  of  cold  to  the  chimp-= 
anzee  brain  when  it  is  hypothermic.  It  is  more  difficult  to  produce 
lesions  by  direct  application  of  cold  when  the  brai  n  has  been  cooled 
indirectly.  With  an  instrument  designed  to  apply  low  temperatures 
directly,  we  subjected  systemic  blood  vessels  to  temperatures  averaging 
-120°  C.   At  this  temperature  the  aorta  of  a  cat  freezes  solid  in  three 
seconds.  During  this  time  the  vessel  can  be  cut  at  the  "frozen"  part 
without  bleeding. 
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We  investigated  the  hematocrit  and  carbon  dioxide  combining 
power  of  the  chimpanzee  under  hypothermia.  The  blood  is  "concen- 
trated" and  the  carbon  dioxide  combining  power  is  reduced.  Also, 
we  studied  cooling  methods  and  the  effects  of  volatile  and  non=volatile 
anesthetics  on  these  animals  under  hypothermia.  Comparable  studies 
are  being  carried  on  in  the  human  operating  room  at  this  time. 

Significance  to  Neurological  Research;  The  effects  of  hypo- 
thermia on  the  brains  of  higher  primates  have  not  been  clearly  de- 
fined. Since  the  technique  of  hypothermia  is  useful  in  neurological 
and  cardiovascular  surgery  and  is  now  used  extensively^  we  must 
acquire  information  concerning  its  effects  on  the  brain.  Similarly, 
we  must  understand  the  relationship  of  various  anesthetic  agents  to 
these  cerebral  effects.  We  should  also  -understand  the  systemic 
corollaries  of  the  cerebral  changes. 

These  are  studies  of  the  effects  of  low  temperature  on  the 
human  nervous  sys  tern.  Knowledge  of  these  low  temperature  effects  is 
essential  in  the  solution  of  certain  aviation  and  military  problems. 

Proposed  course  of  Project;  This  project  may  be  expanded  and  con= 
tinued  through  further  observations  in  the  human  operating  room  and 
the  primate  laboratory.  These  observations  can  be  derived  by  organized 
study  of  clinical  and  experimental  material  with  the  techniques  of 
neurosurgery  and  anesthesiology. 
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Part  A. 

Project  Titles  The  Relationship  between  Edema;  Blood-° 
Brain=Barrier  and  Tissue  Elements  in 
Experimental  Brain  Injury. 

Principal  Investigators  Igor  Klatzo^  M„  D„ 

Other  Investigators g  E,  J.  Laskowski,  M,  D.  and 
A„  Piraux^  M<,  D. 

Cooperating  Units s  None 

Man  Years  (calendar  year  1957) s   Patient  Days  (CY  1957) s 
"  Totals  .  10  ~~~~~~  None 

Professionals  .  10 

Others  .  10 

Project  Descriptions 

Objectives  s  The  objective  is  to  study  the  inter=> 
relationship  between  edema^  blood-brain-barrier  and  behaviour 
of  brain  tissue  elements. 

Methods  Employeds^  In  order  to  allow  conclusions 
about  the  chronological  sequences  of  the  changes  observed^ 
the  brain  lesion  associated  with  edema  should  be  reproducible 
with  great  uniformity.  This  requirement  was  satisfied  by  the 
application  of  low  temperature  to  the  exposed  cortex  under 
constant  conditions  of  time  and  temperature.  Groups  of  cats 
were  sacrificed  following  this  procedure  at  various  time 
intervals , 

Sodium  fluorescein  was  used  for  study  of  blood- 
brain=barrier „  Following  fluorescence  photography  the  brain 
tissue  was  subjected  to  a  variety  of  histological  and  histo= 
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Methods  Employed  (continued) g 
chemical  procedures »  A  group  of  animals  was  sacrificed  for 
electrophoretlc  study  of  protein  patterns  in  the  edematous 
and  normal  white  matter. 

Major  Findings;  The  development  of  edema  was  observed 
within  6  hours  in  the  white  matter  underlying  the  site  of  cold 
application.  The  area  of  edema  exliibited  strong  PAS-positive 
staining  of  astrocytes  and  less  intense  PAS  staining  of  inter- 
stitial spaces.  Histochemical  analysis  of  PAS-positive  staining 
in  the  edematous  white  matter  suggested  glycoprotein  nature  of 
the  substance  inT/olved.  The  break-down  of  blood-brain-barrier 
in  the  edematous  white  matter  as  tested  with  sodium  fluorescein 
followed  after  approximately  18  hours.  Electrophoretlc  studies 
performed  at  the  time  of  maximal  intensity  of  edema  and  break- 
down of  blood-brain-barrier  indicated  an  appreciable  increase 
of  total  proteins  with  striking  elevation  of  albumins  in  the 
area  of  edema. 

Fluorescence  in  the  superficial  layers  of  the  cortex 
persisted  one  month  after  injury  and  was  associated  with  the 
presence  of  small  astrocytes,  lacking  well=formed  vascular 
foot-plates . 

Significance  to  the  program  of  the  Institutes 
Elucidation  of  detailed  relationships  between  edema ^  the  blood- 
brain-barrier  and  tissue  elements  will  contribute  toward  better 
understanding  of  the  dynamics  involved  in  brain  injury  and 
eventually  provide  better  evaluation  of  clinical  cases  in  which 
edema  and  disturbance  of  the  blood-brain-barrier  play  a  signif- 
icant role. 

Proposed  Course  of  the  Projects  This  standard  lesion 
which  can  be  repi'oduced  with  great  uniformity  will  serve  as 
a  base-line  for  comparative  study  of  the  effect  of  hypothermia 
on  various  aspects  of  brain  injury  such  as  edema,  permeability 
of  blood-brain-barrier  etCc 
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Part  A. 

Project  Titles  Study  of  the  Blood=-Brain°Barrier  with 
Fluorescent  Antibody  Technic^^^     °^ 

Principal  Investigators  Igor  KlatzOj,  Mo  D, 

Other  Investigators g  B,,  Horvathj  M„  Do  aiad 
Bo  Jo  Garry,  M.  So 

Cooperating  Units g  None 

Man  Years  (calendar  year  19^7) g   Patient  Dayg  (CY  19^7) s 
Totals  .10  None 

Professionals  ,  1© 
Others  .  1@ 

Project  Descriptions 

Objectives  The  objective  is  a  new  approach  to 
assessment  of  permeability  of  blood-brain^barrierj,  ^ich 
will  eliminate  the  unphysiological  effects  @f  standard 
procedures  and  provide  a  true  picture  of  passage  of 
various  plasma  proteins  into  the  brain  parenchyma  „ 

Methods  Employed g  Various  serum  proteins  such  as 
albumins 5  globulins  and  fibrinogen  are  used  for  immunization 
of  the  rabbits o  The  antibodies  to  respective  sertan  proteins 
are  labelled  with  fluorescein  isocyanate.  The  brains  of 
experimental  animals  in  which  various  disturbances  of  blood=> 
brain-barrier  have  been  produced  are  instantaneously  frozen 
in  liquid  nitrogen  and  cut  on  freezing  microscope.  The 
incubation  with  specific  antibody  should  reveal  the  presence 
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Methods  Employed  (continued); 
and  localization  of  transudated  serum  proteins  in  the  brain 
parenchjnma , 

Significance  to  the  program  of  the  Institute;  The 
outlined  new  technique  for  study  of  blood-brain-barrier  should 
be  of  great  importance  in  evaluation  of  permeability  of  cerebral 
circulation.  Being  free  of  any  unphysio logical  action  of  so- 
called  blood-brain-barrier  indicators  it  should  provide  a  true 
picture  of  passage  of  various  plasma  constituents  into  the 
brain.  The  problem  of  blood-brain-barrier  is  of  great  signifi- 
cance in  clinical  neurological  and  neurosurgical  disorders. 

Proposed  course  of  the  project;  ¥e  are  presently  in 
the  first  stages  of  this  project.    " 
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Part  A. 

Project  Title g  Study  of  Nervous  Tissue  Grown  in  Vitro, 

Principal  Investigatorg  Igor  Klatzo^  Mo  D, 

Other  Investigators g  W,  K.  Engelj  Mo  D.  and 
Choh  Lu  Lij  M.  D. 

Cooperating  Units g  None 

Man  Years  (calendar  year  1957) s  Patient  Days  (CY  1957) s 

Totals  .40  — — None 
Professionals  ,40 
Others  o40 

Project  Descriptiong 

Objectives g  Growing  nervous  tissue  in  vitro  is  under= 

taken  with  several  objectives  in  mind„ 

a)  Providing  living  neurons  for  study  of  electrical 
activity  and  effects  of  micro=injections  (with 
collaboration  of  Dr.  Li), 

b)  Cytochemical  study  of  nervous  tissue  elements 
using  fluorescent  microscopy^  histochemical 
procedures^  etc* 

c)  Study  on  hypersensitivity  phenomena  in  nervous 
tissue. 

d)  Study  on  uptake  of  various  radioactive  isotopes 
by  various  tumors  of  the  nervous  system. 

e)  Study  of  nervous  tissue  derived  from  epileptogenic 
foci. 
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Methods  Employe dg  The  new  tissue  cultiire  technics  such 
as  use  of  collagen  are  employedo  Micromanipulation  technics 
for  measuring  electrical  activity  of  single  cells  are  used. 
Fluorescence  microscopy,  enzymatic  extractions  are  employed 
for  histocheraical  assays,, 

Significance  to  the  program  of  the  Institutes  Culturing 
nervous  tissue  in  vitro  provides  a  unique  tool  for  elucidation 
of  some  basic  data  concerning  the  composition  and  function  of 
the  nervous  tissue  elements.  Various  changes  and  physiological 
phenomena  can  be  studied  under  direct  visual  observation. 

Proposed  course  of  the  Projects  This  project  was  started 
only  a  few  months  ago  and  we  are  presently  engaged  in  setting 
up  the  basic  procedures  involved. 
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Part  A 


^ 


Project  Titles  Study  of  Nervous  Tissue  Grown  in  Vitro. 
Principal  Investigatorg  Igor  Klatso^  Mo  D, 
Other  Investigators g  ¥.  K.  Engel^  M,  D.  and 

Cooperating  Units g  None 

Man  Years  (calendar  year  1907) s   Patient  Days  (CY  19^7) g 
total  g  ,40  None 

Professionals  ,40 
Others  „  40 

Project  Descriptions 

Objectivesg  Growing  nervous  tissue  in  vitro  is  under<= 
taken  with  several  objectives  in  mindo 

a)  Providing  living  neurons  for  study  of  electrical 
activity  and  effects  of  micro-injections  (with 
collaboration  of  Dr„  Li)» 

b)  Cytochemical  stuc^  of  nervous  tissue  elements 
using  fluorescent  microscopyg  histochemical 
procedures  J,  etc. 

c)  Study  on  hypersensitivity  phenomena  in  nervous 
tissueo 

d)  Study  on  uptake  of  various  radioactive  isotopes 
by  various  tiimors  of  the  nervous  system, 

e)  Study  of  nervous  tissue  derived  from  epileptogenic 
foci. 
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Methods  Employe dg  The  new  tissue  culture  technics  such 
as  use  of  collagen  are  employed„  Micromanipulation  technics 
for  measuring  electrical  activity  of  single  cells  are  used. 
Fluorescence  microscopy^  enzymatic  extractions  are  employed 
for  histo chemical  assays o 

Culturing 


nervous  tissue  in  vitro  provides  a  unique  tool  for  elucidation 
of  some  basic  data  concerning  the  composition  and  function  of 
the  nervous  tissue  elements.  Various  changes  and  physiological 
phenomena  can  be  studied  under  direct  visual  observationo 

Proposed  course  of  the  Project;  This  project  was  started 
only  a  few  months  ago  and  we  are  presently  engaged  in  setting 
up  the  basic  procedures  involved. 
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Part  Ac 


Principal  Investigatorg  Igor  Klatzo,  Mo  D« 

Other  Investigators;  Bo  Horvathj  Mo  Bo  and 
Eo  Wo  Emmartj,  Mo  D, 

Cooperating  Units;  NIAMD  -  E.  Wc  Eraraart,  M.  D. 

Project  NOo  NIAMD  (62303)  31c 


rota] 

Professional;  .  10 
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Objectives;  The  morphological  localization  of  myosin 
in  striated  muscle  was  studied  using  fluorescent  antibody 
techniCo  Information  derived  from  the  study  of  the  normal 
muscle  was  used  as  a  base=line  for  the  observations  on  the 
behaviour  of  myosin  in  muscle  affected  by  various  neuro- 
muscular disorders o 


Methods  Employed;  Coon's  fluorescent  antibody  technic 
was  applied  for  this  study,,  The  rabbits  were  sensitized  to 
purified  human  myosin  and  the  obtained  sera  were  labelled  with 
fluorescein  isocyanateo 

Morphological  observations  were  carried  out  under  the 
fluorescence  microscope  after  incubation  of  the  muscle  tissue 
with  specific  fluorescent  antibody „ 
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jor  Findings?  A  method  for  assay  of  antibody  to 


human  myosin  has  been  describedo  Specific  staining  with 
fluorescent  antibocfer  was  obtained  in  A  bands  of  the  striated 
muscle  and  occasionally  in  Z  bands »  According  to  our 
observations  on  staining  with  fluorescent  antibody  and  to 
precipitin  reaction  myosin  has  to  be  considered  as  non- 
species  specific.  Observations  on  diseased  muscle  stained 
with  fluorescent  antibody  revealed  the  preservation  of 
striated  pattern  at  the  time  of  early  pathological  changes, 
and  the  presence  of  material  reacting  with  antibody  to 
human  myosin  in  severely  degenerated  fibers  and  in  structures 
resembling  macrophages. 

Significance  to  the  program  of  the  Institutes  Study 
on  localization  and  behaviour  of  myosinj,  one  of  the  most 
important  muscle  proteins  j,  should  contribute  towards  further 
understanding  of  basic  muscular  mechanisms  and  provide 
insight  into  the  nature  of  neuromuscular  disorders. 

Proposed  course  of  the  projects  It  is  proposed  to 
continue  this  investigation  in  order  to  accumulate  more 
information  on  the  behaviour  of  myosin  in  the  various 
pathological  conditions . 
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Part  Bg  Honors  s,  Awards  and  Publication 
Publication  other  than  abstracts  from  this  projects 


"Demonstration  of  Myosin  in  Human  Striated  Muscle 
by  Fluorescent  Antibody," 

Igor  Klatzo,  M,  D.j  Beni  Horvath,  M,  D.  and 
E.  W,  ikmuart,  M.  D. 

Accepted  for  Publication  in  "The  Proceedings  of 
The  Society  for  the  Experimental  Biology  and 
Medicine," 
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Part  A. 

Project  Titles  Demonstration  of  Cryptococcus  Neoformans 
in  Polarized  Light, 

Principal  Investigator;  Igor  KlatzOj  M,  D. 

Other  Investigators;  P«  H,  Geisler^  M„  D, 

Cooperating  Units g  Pathologic  Anatomy  Branch 

Man  Years  (calendar  year  19^7) s  Patient  Days  (CY  19^7) g 
I'otals  .10  None 

Professionals  „  10 
Others  .  lO 

Project  Descriptions 

Objectives s   Demonstration  of  Cryptococcus  Neoformans, 
particularly  in  the  brain,  may  occasionally  present  difficulty. 
In  cases  where  the  organisms  are  not  numerous  they  can  be 
easily  overlooked  in  the  dense,  granulomatous  tissue  of  lepto- 
meninges  or  within  the  cytoplasm  of  compound  granular  corpuscles 
in  the  brain  parenchyma.  A  clear  and  easy  demonstration  of 
single  organisms  is  of  definite  diagnostic  value. 

Methods  Ekployed  and  Major  Findings g  Using  buffered 
Cresyl  Violet  technic  for  tissue  sect'i'oni  we  eould  demonstrate 
the  cryptococcus  neoformans  organisms  in  polarized  light  with 
unusual  clarity.  The  spherical  cytoplasm  of  the  fungi  appears 
as  a  pink  luminous  center,  surrounded  by  brilliantly  bir©- 
fringent  spinous  radiations  of  the  capsule.  The  appearance  of 
the  organisms  is  so  distinct  and  characteristic  that  even 
single  isolated  cells  can  be  identified  easily  under  low 
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Methods  Employed  and  Major  Findings;  (continued); 
magnification.  Sections  from  cases  of  South  American  Blasto- 
mycosis,  CoccidiomycosiSj  Histoplasmosis  and  Toxoplasmosis, 
stained  with  Cresyl  Violet  and  examined  in  polarized  light 
failed  to  show  similar  anisotropic  features  of  the  organisms. 

Significance  to  the  program  of  the  Institutes 
Demonstration  of  Cryptococcus  neoformans  in  polarized  light 
presents  a  new  reliable  and  easy  method  for  identification 
of  this  organism  and  should  be  of  diagnostic  value  in  tissue 
pathology. 


Proposed  Course  of  the  projects 
completed. 


This  project  is 
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Part  Bg  Honors,  Awards  and  Publications 

Publications  other  than  abstracts  from  this  projects 

"Demonstration  of  Cryptococcus  Neoformans  in 
Polarized  Light." 

Igor  Klatzoj  M.  D„  and  Philip  H,  Geisler,  M.  D. 

Accepted  for  publication  in  "Stain  Technology". 
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Study  of  Pathology  of  so-called  Kuru 
Disease, 

Principal  Investigators  Igor  Klatzo,  M,  D, 

Other  Investigators;   B.  J.  Garry,  M,  S. 

Cooperating  Units;   None 


Patient  Days  (CY  1957): 
None 


Project  Description;   .. 

Objectives;  Investigation  of  pathological  changes 
in  so-called  Kuru  disease  occurring  in  Kjew  Guinea  is  under- 
taken in  9  cases  in  which  brains  and  other  tj.ssues  are 
available  for  study. 

Methods  Employed;  Established  histological  ahd, 
histochemical  technics  are  used  for  this  study. 

Major  Findings;  Our  preliminary  findings  indicate 
a  widespread  neuronal  degeneration  affecting  the  basal 
ganglia,  thalamus,  cerebellum,  pons,  medulla  and  partly 
spinal  cord.  The  areas  of  neuronal  degeneration  show 
intense  astrocytic  proliferation.  No  indications  for 
the  inflammatory  nature  of  the  process  have  been 
established. 
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Significance  to  the  program  of  the  Institutes  Kuru 
disease  represents  undoubtedly  a  new  to  Western  medicine 
nosological  unit,  and  its  elucidation  may  influence  a  new 
interpretation  of  some  of  the  well  established  neurological 
diseases. 

Proposed  course  of  the  projects  Detailed  morphological 
study  will  be  continued  until  completion. 
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.Part  A, 

Project  ^itleg  Electrical  Activity  of  Individual  Neuronal  Elements 
from  'Aissue  Culture  Material 

Principal  Investigatorg  Choh=>luh  Li^  M,  D„ 

Other  Investigators s  Igor  KlatzOj,  M,  D, 

Cooperating  ^nitss  None 

Man  Years  (calendar  year  195?)°  Patient  Days  (calendar  year  195?)° 
Totals  ,10 

Professionals  o  10  None 

Others  .10 


Objectives  T©  study  the  membrane  piroperties  of  individual  neuronal 
elements  of  tissue  culture  material  from  mammals « 

Method  employed s  The  tissue  culture  material  was  obtained  from  the 
tissue  culture  laboratory  supervised  by  ^r,  Kiatzo„  The  method  of 
tissue  culture  has  been  repeatedly  reported  from  various  laboratories, 
and  the  methods  used  in  ^t<,   Kiatzo's  laboratory  are  similar  to  those 
adopted  by  Dr„  C„  M„  Pomerat  and  Walther  %ld  of  Huston,  Texas,  and 
Dro  Margaret  Ro  Murray  of  New  Yorko  The  tissue  culture  implant  was 
transferred  into  a  specially  constructed  moist  chamber  designed  by 
Dr.  Id,  The  moist  chamber  was  mounted  on  the  mechanical  stage  of  a 
dissecting  microscope »  Electrical  activity  ©f  the  individual  elements 
of  the  tissue  implanted  was  recorded  with  glass  micro pipette  electrodes. 
The  activity  was  altered  by  either  electrical  current  or  pharmacological 
agents  o 

Not  available o 

Significance  to  the  Program  of  the  Institutes  ^t  is  to  be  expected  that 
the  electrical  activity  of  the  individual  neurones  isolated  from  the 
tissue  culture  can  be  altered  by  changing  the  physical  and  chemical 
environment  of  the  cell,  It  will  be  of  considerable  importance  in  the 
light  of  the  notion  that  epileptic  discharges  and  the  result  of  elec= 
trical  discrepancies  of  the  nerve  cells »  The  production  of  epileptic 
discrepancies s  thus^  can  be  produced  by  direct  application  of  convulsive 
agents  to  the  isolated  nerve  cells  under  direct  vision,,  '^ounter  action 
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of  these  convnilsive  agents  by  anticonvulsive  drugs  can  be  similarly- 
tested  ^ 

Ihe  resting  membrane  potentials  of  the  cortical  neurones  have  been 
found  to  be  as  high  as  95  m^  according  to  the  unpublished  data  collected 
from  this  laboratory,   ^owever,  due  to  the  resting  membrane  potentials 
varying  from  L|0  to  90  m^  with  a  mean  value  of  62-  12  mV  according  to  •'-'i 
and  Mcllwain  the  factors  of  acting  resting  membrane  potentials  of  the 
cortical  neurones  are  many.  If  a  constant  experimental  condition  could 
be  created  in  the  tissue  culture  preparation,  relatively  consistant 
measurements  of  the  resting  membrane  potentials  of  the  cortical  neurones 
should  be  expected.   ■'■hese  potentials  are  known  to  be  influenced  by 
metabolic  changes  such  as  concentration  of  glucose,  potassium,  and  so 
forth,   in  the  case  of  epileptic  disturbances,  information  of  the  change 
in  resting  membrane  potentials  of  individual  cortical  cells  can  be  pro- 
vided,   ^'his  is  especially  important  as  well  as  being  of  theoretical 
interest, 

•iilectrical  field  effects  upon  the  activity  of  individual  cells, 
other  than  synaptic  excitation,  has  been  repeatedly  emphasized  in  the 
central  nervous  systera>  '^imilar  effects  have  been  demonstrated  in  the 
periferal  nerve  by  various  -liuropean  investigators   ^et,  in  the  central 
nervous  system  no  such  e\'idence  has  been  furnisheds,  "^'ith  the  tissue 
culture  experiments  it  is  expected  that  such  evidence  can  be  sought^, 

Proposed  course  of  project'  ■''■l though  significant  data  is  yet  to  be 
obtsiried  from  this  investigation,  it  is  confident  that  very  valuable 
information  can  be  obtained  as  soon  as  the  tissue  culture  material  is 
available  from  ths  tissue  culture  laboratory,   it  is  proposed  that 
various  convulsive  drugs  should  be  applied  to  the  tissue  culture  en- 
vironment durinf?  the  experiments,  '-'imilarlyj,  anti-convulsive  agents 
■J re  to  be  applied  to  the  tissue  culture  material,   '-^he  results  of  this 
study  are  expected  to  be  much  more  valuable  than  those  obtained  from 
cxperlTnf»nt?l  animals  in  vivo, 


■^ui'i  '-■   inciuut-d  ies  /J       No  /X/ 
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Part  A. 

Project  titles  A  Study  of  the  Functional  Anatomy  and  Pathology 
of  the  Human  Visual  System 

Principal  Investigators  J.  M„  Van  Buren,  M„  Do 

Other  Investigators;  None 

Cooperating  Units? 

Man  Years  (Calendar  Year  1957) s      Patient  Days  (Calendar  Year 
Totals  ,30-^  1957)  s 

Professional:   ^.30  322 

Other;  ^30 

Project  Description; 

Objective;  This  study  is  directed  toward  a  better  understanding 
of  the  correlation  of  form  and  function  within  the  human  visual  system. 
It  is  intended  to  carry  out  these  studies  correlating  clinical  physiol- 
ogy with  anatomy  using  the  best  quantitative  methods  available.  At 
the  present  time  the  study  has  been  divided  into  three  parts; 

(a)  Retina 

(1)  Study  of  the  normal  human  and  primate  retina  using 
the  Golgi  and  chromatic  methods, 

(2)  Study  of  the  effects  of  the  lesions  of  the  optic  path- 
ways upon  the  retina, 

_  (B)  Study  of  the  effects  of  lesions  of  the  optic  pathways  upon 
the  lateral  geniculate  bodyo 

(C)  Study  of  the  visual  field  defects  following  teugjoral  lobectony. 

Method  Employed; 

(a)  Retinas 

(1)  Study  of  the  normal  human  and  primate  retina  using  the 
Golgi  and  chromatic  methods.  The  human  material  used  consists  largely 
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in  patients  suffering  from  terminal  malignancies o  In  these  patients 
the  visual  fields  have  been  done  and  found  to  be  normal  and  within  a 
matter  of  months  the  retinas  have  been  obtainedo  The  retinas  are 
fixed  by  intraocular  injection  of  formalin  as  soon  as  possible  fol= 
lowing  death  and  the  posterior  half  of  the  globe  removed  and  further 
fixed  in  formaline  Due  to  a  new  techniques  Golgi  type  stains  have 
been  effective  in  several  cases o  The  other  cases  are  imbedded  in  wax 
and  serially  sectioned  for  reconstruction  purposes <,  Anatomical  re= 
construction  is  affected  by  projection  of  the  slides  at  35  diameters 
and  drawings  made  up  at  these  magnifications o  Upon  these  drawings  the 
areas  under  consideration  (eogo  placement  of  the  giant  ganglion  cells 
and  the  thicknesses  of  the  ganglion  cell  layers)  are  marked  out  for  each 
section.  By  combining  a  series  of  such  drawings  the  retinal  recon- 
struction can  be  made  showing  the  histological  details  as  though  viewed 
from  the  anterior  surface  of  the  retina. 

In  lower  primates  (macaques s  and  if  available^  chimpanzee)  vital 
methylene  blue  staining  is  used  to  demonstrate  the  ganglion  cell  pop- 
ulation and  cell  types  and  again  reconstructions  are  made  of  whole 
spread  preparations  of  the  retinao  It  is  hoped  to  eventually  apply 
this  method  to  man  in  some  instances  where  a  normal  eye  must  be  sacri= 
ficed  in  the  treatment  of  malignant  disease, 

(B)  Study  of  the  effects  of  lesions  of  the  optic  pathways  upon 
the  lateral  geniculate  body,. 

The  h-uman  material  to  date  has  consisted  in  a  craniopharyngioma 
which  caused  visual  field  defects  and  a  case  of  surgical  traiama  to 
the  chiasmal  region  again  with  demonstrable  visual  field  defects.  The 
cases  s  however  J,  are  exceedingly  valuable  because  the  patients  were 
cooperative  and  accurate  visual  field  examination  could  be  made  in  both 
instances.  In  the  latter  case,  repeated  visual  fields  were  recordedo 

In  monkeys  lesions  of  the  optic  tracts  and  chiasm  have  been  made 
siirgically. 

In  the  human  cases  the  eyes  were  imbedded  in  wax  for  serial  sect- 
ion. In  two  instances  in  the  monkey  series^  the  eyes  were  stained 
by  the  vital  methylene  blue  method  and  used  as  spread  preparations. 
In  the  other  cases j  the  eyes  were  imbedded  in  wax  for  serial  section. 

Additional  studies  will  be  made  in  human  retinas  exhibiting  pap- 
illedema with  changes  in  visual  fields  and/or  visual  acuity.  Again 
the  serial  section  in  wax  has  been  used. 

The  reconstruction  methods  are  as  given  in  section  one  above. 

The  geniculate  bodies  from  the  two  human  chiasmal  lesions  ment- 
ioned above  are  available  for  study.  In  addition^  three  geniculate 
bodies  following  temporal  lobectomy  and  two  geniculate  bodies  fol- 


B=38Cc) 


0RP-2(b) 

lowing  parietal  lesions  and  two  geniculate  bodj-;3  following  occipital 
lesions  are  available  for  study,,  Unfortunately  visual  fields  were 
carried  out  in  an  adequate  fashion  only  in  one  c '  the  parietal  and 
in  one  occipital  caseo 

--  Lesions  of  the  anterior  and  posterior  visual  '/stem  have  been 
prepared  in  macaques  for  comparison  with  this  hunio  materialo  The 
method  of  study  depends  upon  the  preparation  of  se.  "'.al  sections  of 
the  wax  imbedded  (or  celloidin  imbedded)  geniculate  bodies  and  stain- 
ing with  cresyl  violet  and  myelin  stains.  Sections  -.t  regular  inter- 
vals (200-500  micra)  are  then  projected  at  35=U5  dia  \eter  magnification 
and  the  areas  of  cell  loss  and/or  gliosis  indicated^  These  drawings 
are  then  combined  to  summarize  the  anatomy  of  the  gen.  •:;ulate  body  in 
its  three  dimensions » 

(C)  Study  of  the  visual  field  defects  following  temporal 
lobectomy* 

Forty-one  cases  of  human  temporal  lobectomy  carried  oi,b  by 
Dr«  Maitland  Baldwin  and  Dr,  Wilder  Penfield  were  examined  by  peri- 
meter and  tangent  screen  methods »  Particular  care  was  taken  to 
plot  the  slope  and  density  of  the  lesions »  Measurements  of  the 
visual  acuity  were  m.adeo  In  a  quarter  of  the  cases  followup'  examina- 
tion at  various  periods  up  to  two  years  could  be  made. 

Major  Findings g 

(a)  Retina  \ 

(l)  Study  of  the  normal  human  and  primate  retina  using  \ 
the  Golgi  and  chromatic  methods » 

The  modified  Golgi  method  has  proven  useful  in  some  instances 
in  the  human  post-mortem  retina.  The  method^  however^  has  been  re=  ; 
stricted  in  its  usefulness  to  the  lower  retinal  layers  due  to  precip- 
itate formation  in  the  area  of  the  ganglion  cells.  In  the  layers 
where  adequate  staining  appeared  no  findings  had  been  made  other  than 
thoK previously  described  in  young  animals  or  humans.  The  fact  remains, 
however,  that  this,  to  the  author's  knowledge,  is  the  first  time  it  has 
been  possible  to  stain  by  Golgi  type  stain  adult  human  retinal  elements. 

Collection  cf  normal  human  retinae  with  normal  visual  fields  had 
been  continued  but  as  yet  the  reconstruction  remains  to  be  done.  To 
the  present  time,  in  allj,  nine  such  cases  have  been  collected.  In 
casual  examination  of  this  material  a  curious  finding  has  been  the 
not  infrequent  displacement  of  ganglion  cells  and  other  retinal  ele- 
ments outside  their  commonly  accepted  anatomical  zone.  Although  it 
is  possible  this  is  an  artefact  due  to  cutting,  the  fact,  however, 
that  it  appears  frequently  where  there  is  no  evidence  of  tissue  damage 
by  the  knife  suggests  that  it  may  be  a  true  findingo 
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In  the  methylene  blue  spread  preparations  in  macaque  and  in 
Oi'*a   instance  5  in  the  chimpanzee  some  minor  points  in  histology  have 
'.•';en  demonstrated  which  have  not  apparently  been  previously  de- 
f  cribedo  One  of  these  consists  in  tlie  intra-nuclear  appearance  of 
oodies  resembling  nucleoli  but  sometimes  as  many  as  two  may  appear 
in  the  same  cello  Small  opaque  bodies  have  been  seen  in  the  dendrites 
of  the  ganglion  cell^o  These  may  be  mitochondria  but  they  are^  at 
leastj,  not  figured  by  either  Cajal  or  Polyake  The  fact  remains  to 
be  determined  whether  or  not  they  are  artefacts,,  A  rare  type  of 
ganglion  cell  has  been  seen  which  instead  of  showing  many  branches 
close  to  the  body  of  the  cell  as  the  typical  ones  do  may  extend  over 
tremendous  distances  of  retinae  and  do  not  obviously  send  axones  into 
the  nerve  fiber  layer »  They  appear  to  lie  in  the  lower  portion  of 
the  ganglion  cell  layero  Their  identity  remains  in  doubt,  since  they 
do  not  appear  to  resemble  either  the  amacrime  cells  or  horizontal  cells 
previously  described  nor  do  they  resemble  the  conventional  picture  of 
the  ganglion  cells » 

Both  the  conventional  serial  section  and  vital  methylene  blue= 
spread  technique  have  demonstrated  the  necessity  of  relating  all 
histological  features  to  retinal  areas  at  given  distances  from  the 
macula.  The  retina  therefore  appears  to  be  more  and  more  made  up 
of  a  great  variety  of  zones  having  particular  histological  features o 

(2)  Study  of  the  effects  of  lesions  of  the  optic  pathways 
upon  the  retinao 

In  man^  75  days  has  been  found  siofficient  to  complete  ganglion 
cell  degeneration  in  the  retina  following  injury  to  the  optic  chiasm. 
It  thus  appears  to  correlate  with  the  clinical  course  of  pallor  of  the 
optic  discs o  The  case  where  the  retention  of  vision  in  one  quadrant  of 
the  visual  field  witth  a  visual  acuity  of  20/60  was  founds  the  retention 
of  ganglion  cells  in  this  area  was  limited  to  an  area  three  cells  thick 
just  outside  the  foveao  This  cell  thickness  is  about  half  of  normal. 

In  casual  examination  it  has  appeared  in  cases  with  papilledema 
with  constriction  of  visual  fieldsj  that  there  was  loss  of  the  large 
peripheral  ganglion  cells  to  considerable  degree.  This  finding  must 
be  confirmed  by  reconstruction  studies  in  comparison  with  the  normal 
cases  cited  above.   It  was  possible  to  date  to  collect  12  cases  of 
papilledema  of  varying  duration  from  one  week  to  two  years.  Adequate 
studies  of  visual  fields j  howeverj,  were  only  carried  out  in  a  third 
of  the  cases. 

Both  in  man  and  animals  with  chronic  lesions  of  the  optic  tract 
and  secondary  degeneration  in  the  retina  large  cavities  have  been  found 
in  the  bipolar  cell  layer  with  some  cell  loss  in  this  layer  and  com?- 
plete  loss  in  the  ganglion  cells  superficial  to  it.  This  finding  was 
of  some  interest  inasmuch  as  it  is  described  as  "cavitary  atrophy'' 
in  some  textbooks  and  ascribed  to  arteriosclerotic  vascular  change.  In 
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these  cases  J  obviously  j,  it  was  simply  due  to  secondary  degeneration 
in  the  neuronal  pathways, 

(B)  Study  of  the  effects  of  lesions  of  the  optic  pathways  upon 
the  lateral  geniculate  bocfy. 

At  present  the  occipital  ablations  are  not  ready  for  examination. 
In  the  three  cases  of  temporal  lobectomy  and  the  two  cases  of  parietal 
lesions 5  the  lesions  in  general,  followed  their  expected  position..', 
laterally  and  mesially  in  the  geniculate  body,  ^^' 

The  fact  that  the  material  showed  degeneration  in  the  apex  of  the 
geniculate  body  suggests  that  this  region  does  not  subserve  macular 
vision  clinically  as  suggested  by  Polyaks  since  the  macular  vision  was 
not  affected  by  these  lesions.  The  occipital  ablation  however  will 
prove  of  great  value  in  this  evaluation  because  most  the  ablation  lay 
posteriorly  in  the  cortical  representation  of  the  maculaj  and  thus  may 
give  us  some  hint  of  the  macular  representation  in  the  lateral  geniculate 
body.  It  was  of  interest  during  the  latter  part  of  this  patient's  life 
(7  months  following  the  occipital  removal)  there  was  some  regaining  of 
vision  in  the  most  peripheral  parts  of  the  hemianopic  fieldo  At  post 
mortem  there  was  gross  visual  cortex  remaining  in  the  anterior  portion 
of  the  calcarine  fissure. 

After  lesions  of  the  optic  tracts  the  retina  has  been  found  to 
degenerate  much  faster  than  the  cells  of  the  lateral  geniculate  body. 
Thus  in  a  case  of  injury  to  the  optic  chiasm  with  death  some  70  days 
later  there  was  marked  atrophy  of  the  retina  and  no  apparent  loss  of 
ganglion  cells  in  the  lateral  geniculate  body, 

(C)  Study  of  the  visual  field  defects  following  temporal 
lobectomyo 

The  visual  fields  in  I4.I  cases  of  temporal  lobectorr^  for  epilepsy 
have  been  studied  for  evidence  regarding  the  fiber  architecture  of  the 
anterior  portion  of  the  optic  radiation.  The  evidence  suggests  that 
the  visual  field  defects  in  these  cases  are  the  results  of  the  lesion 
solely  of  the  optic  radiation.  Visual  field  defects  were  found  (l) 
not  to  affect  visual  acuity  (2)  not  to  alter  the  size  of  the  blind  spot 
(3)  to  have  sloping  inferior  margins  (1+)  to  pass  over  the  horizontal 
meridian  (5)  to  have  a  density  in  the  defect  roughly  proportional  to 
the  perpendicular  distance  from  a  line  paralleling  the  inferior  margin 
of  the  defect  and  passing  through  the  fixation  point  (6)  to  be  both 
cor^ruous  and  incongruous  but  if  incongruous  to  have  the  larger  defect 
of  the  visual  field  in  the  eye  on  the  side  of  the  lesion.   In  terms  of 
the  physiological  =  anatomical  correlation^  these  findings  were  ex- 
plained respectively  as  follows  s   (l)  one  half  of  macular  vision  is 
sufficient  to  permit  normal  visual  acuity^  (2)  alteration  of  one  field 
of  vision  does  not  entail  a  change  in  the  visual  projection  of  the 
remaining  intact  retina^  (3)  the  fibers  from  adjacent  retinal  elements 
are  spacially  separated  in  the  optic  radiation^  (U)  the  representation 
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deemed  necessary  to  collect  a  rather  large  volume  of  material.  This 
is  necessary  to  establish  our  ideas  of  the  normal  and  therefore  to 
serve  as  a  footing  for  our  interpretation  of  abnormal  anatomy,  Thus^ 
to  date  effort  has  been  primarily  directed  toward  experimentation  with 
histological  technique,  accumulation  of  cases  and  preparation  of  this 
material  for  histologic  study.  In  a  like  fashion.,  methods  of  quanti- 
tative anatomical  study  have  been  worked  out  but  as  yet  applied  to  a 
minority  of  the  cases. 

When  the  material  is  deemed  of  adequate  quality  and  amount^  studies 
will  be  carried  out  directed  in  largely  two  directions?   (1)  the 
anatomical  changes  involved^  and  (2)  the  time  schedule  required  to  pro= 
duce  these  anatomical  changes.  Any  pertinent  pathological  material  will 
be  studied  and  correlated  as  it  presents  itself.  Investigation  of  other 
histological  techniques^  specifically  those  related  to  enzyme  histo= 
chemistry  will  be  carried  outj  since j,  if  properly  applied  there  was 
suggestion  that  much  could  be  added  to  this  study,  Densiometric 
studies  of  histological  preparations  may  add  to  the  validity  of  evalua= 
tion  of  degeneration. 
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Publications  other  than  abstracts  from  this  projects 

An  Hypothesis  Regarding  the  Architecture  of  the  Optic  Radiation 
in  the  Temporal  Lobe  of  Man,  by  J.  M.  Van  Buren,  M.  D.and 
Maitland  Baldwin,  M,  D.  IN  PRESS  (Brain), 


Honors  and  Awards  relating  to  this  project;  None 
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Part  A. 

Project  title:  Pain  Mechanisms 

Principal  Investigators  J.  M.  Van  Buren,  M.  D. 

Other  Investigators;  Mildred  Ble' 

vj.ns, 

M.  A. 

Cooperating  Units s 

Man  Years  (Calendar  Year  1957): 
Total:  .10 
Professional:  .  IQ 

Patient  Days  (Calendar  Year 
1957) 

589 

Project  Descriptions 

Objectives  The  essential  interest  of  this  study  is  centered  upon 
methods  for  evaluation  of  pain  with  its  ultimate  goal  being  a  quanti- 
tative evaluation  of  the  pain  from  which  the  individual  is  suffering. 
Depending  upon  the  degree  to  which  the  primary  aim  of  the  study  is 
achieved  the  following  studies  can  be  undertaken:   (l)  evaluation  of 
the  standard  surgical  procedures  for  relief  of  pain,  (2)  evaluation  of 
standard  medical  procedures  for  relief  of  pain,  (3)  the  surgical  approach 
to  pain  pathways  may  be  expected  to  provide  an  onnortunity  for  study  of 
surgical  lesions  of  the  central  nervous  system/wiXL  be  exploited  as  far 
■as  possible  as  the  opportunity  arises. 

Method  Employed: 

(a)  Psychometric  Methods:  The  patient  is  subjected  to  Rohrsach 
test  and  the  Minne^ olis  Multiphasic  Personality  Inventory,  In  addition, 
he  is  evaluated  diiring  a  formal  psychiatric  interview. 

(B)  Autonomic  functions  Simultaneous  records  of  blood  pressure, 
skin  temperature,  electrocardiogram,  skin  resistance,  respiratory  rate, 
pattern,  finger  plethysmogran  and  esophogeal  and  gastric  pressures  are 
made. 

Major  Findings:  Due  to  the  nature  of  the  material  referred  to  us, 
the  majority  of  the  patients  examined  had  complaints  which  were  in  the 
end  considered  to  be  of  functional  nature.  'Hie  records  obtained  in 
these  patients  showed,  in  general,  rather  striking  instability  of 
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autonomic  function^,  partictilarly  the  skin  resistance.  When  subjected 
to  mild  painful  stress  (mild  electric  shock  and  ischemic  pain)  the 
individual  responses  were  found  to  be  exaggerated  and  in  addition  the 
autonomic  responses  to  anticipation  of  the  painful  stimulus  persisted 
after  long  periods  of  repitition  of  the  same  stimulus. 

To  date^  only  three  people  have  been  examined  who  were  considered 
to  have  pain  of  readily  demonstrable  origin.  In  all  three  the  pain  was 
of  severe  degree »  Although  the  autonomic  responses,  particularly  the 
skin  resistance  showed  a  ready  response  to  such  things  as  mental  arith- 
metic and  inspiration  the  autonomic  responses  to  mild  painful  stimuli 
mentioned  above  were  minimal  to  absent  and  the  tendency  for  the  patient 
to  show  anticipatory  autonomic  changes  to  threat  of  the  pain  was  dimin- 
ished and  usually  disappeared  after  a  few  trials. 

The  above  findings  have  obviously  been  recorded  in  too  few  people 
to  permit  any  serious  generalizations. 

Significance  to  Neurological  Research;  There  is  preliminary  evidence 
that  the  patients  suffering  severe  organic  pain  will  tend  to  disregard 
minor  painful  stimuli  of  external  nature.  This  is  objectively  demon- 
strable through  their  autonomic  responses.  Whether  or  not  this  will 
prove  a  useful  criterion  for  objective  evaluation  of  an  individual's 
response  to  pain  remains  to  be  seen  with  further  case  work. 

Proposed  course  of  project;  A  basic  technique  for  evaluation  has 
been  worked  out.   It  remains  to  be  seen  whether  this  technique  will 
prove  to  be  adequate  for  the  remainder  of  the  studies.   This  will  be- 
come apparent  as  more  patients  are  studied  and  modifications  will  be 
undertdcen  as  seems  indicated» 
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Project  title  ;  Effect  of  Tumors  Upon  Central  Nervous  System  Func  tion 
and  Structure 

Principal  Investigator;  J.  M.  Van  Buren,  M.  D. 

Other  Investigators:  M.  Baldxjin,  M.  D„ 

Cooperating  Units;  None 

Man  Years  (Calendar  Year  1957);  Patient  Days  (Calendar  Year 
Total:  .10  1957): 

Professional:  .  10  130U^  '-2 

Other:  .10  -  . 

Project  Description; 

Objectives;  This  study  has  a  dual  aiia:   (l)  to  carry  out 
physiological-anatomical  correlations  in  man,  (2)  to  evaluate  the 
effects  of  newer  methods  of  treatment  for  tumors  of  the  central 
nervous  system.  In  the  present  program  attempt  will  be  made  to 
utilize  the  intrusion  of  disease  upon  the  central  nervous  system  of 
man  as  an  "esqjerimental"  lesion. 

Although  much  can  be  accomplished  through  animal  experimentation  in 
determining  the  function  of  structures  within  the  nervous  system  it  is 
apparent  that  the  need  for  confirmation  of  these  findings  in  man  is 
ever  present.  In  addition,  studies  of  function  which  cannot  be  prop- 
erly evaluated  in  animals  (e.g.  sweating)  must  be  carried  cut  in  man. 
Although  the  fruits  of  a  study  of  this  type  are  of  widespread  nature, 
particularly  attention  has  been  placed  upon  three  major  features; 
(l)  To  note  the  effects  of  neoplasm  upon  the  function  of  the  optic 
pathways  of  man  and  particularly  upon  the  correlation  of  the  visual 
fields  and  the  anatomical  changes  in  retina,  geniculate  body  and  cal- 
carine  cortex,  (2)  To  study,  particularly  in  cases  of  slowly  expanding 
lesions  of  the  upper  brain  stem,  the  effects  of  these  ]e  sions  upon 
personality,  consciousness  and  the  electroencephalogram.  Since  the 
majority  of  these  lesions  are  of  terminal  nature,  opportunity  there- 
fore will  arise  for  clinical-anatomical  correlation. 
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Method  Employed;  The  evaluation  on  a  clinical  basis  of  the  position 
and  nature  of  the  tumor  will  be  determined  as  can  best  be  done  by 
history,  ne\irological  examinationj  contrast  examinations,  and  surgery. 
The  symptoms  under  consideration  will  be  evaluated  using  largely 
clinical  methods,  although  it  is  hoped  that  the  polygraph  needed  for 
autonomic  evaluation  will  be  of  aid  in  this  direction.  In  the 
post-mortem  examination,  careful  serial  examination  of  the  involved 
structures  will  be  undertaken  both  grossly  and  microscopically  and 
charts  prepared  from  this  material.  By  the  use  of  these  charts  and 
the  method  of  overlapping  areas  it  is  hoped  that  features  of  local- 
izing anatomical  significance  may  be  discovered. 

Major  Findings;  Initial  findings  resulting  from  clinical  and 
physiological-anatomical  aspects  of  the  problem  have  been  reviewed 
in  the  previous  report  of  calendar  year  1956. 

Dviring  the  present  calendar  year  the  tumor  cases  have  provided  the 
post  mortem  material  for  studies  of  the  visual  systan,  "A  Study  of 
the  Functional  Anatomy  and  Pathology  of  the  Human  Visual  System", 
NINDB,  #33,  35,  38  and  39,  1956, 

In  addition,  two  cases  of  glioblastoma  multiforme  were  studied, 
at  operation,  with  fluorescein  techniques.  One  case  of  cervical 
syringomyelia  was  injected  with  200  micro-curies  of  P-32  and  10 
micro-curies  of  R.I.S.A. 

Significance  to  Neurological  Research;  Neurophysio logical  data  in 
animals  is  extensive,  but  research  of  this  type,  if  it  is  to  be  help- 
ful in  the  evaluation  or  treatment  of  human  disease,  must  be  con- 
firmed in  man.  Since  critical  evaluation  of  vision,  personality  and 
consciousness  cannot  be  made  in  animals  and  the  human  EEG  is  specific 
in  type,  re-evaluation  of  these  phenomena  in  man  is  necessary.  The 
new  surgical-radiotherapeutic  techniques  have  not  as  yet  been  care- 
fully investigated  in  any  considerable  series  of  tumors  of  the  central 
nervous  systan . 

Proposed  course  of  the  project;  The  accumulation  of  a  large  number 
of  cases  for  a  study  of  this  type  in  which  overlapping  areas  of  in- 
volvement must  be  charted  is  imperative  before  results  of  any  relia- 
bility can  be  achieved.  Thus  our  present  problem  is  one  of  collection 
of  data. 
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0RP»2  Serial  Noo   NINDB-41(c) 

lo  Surgical  Neurology 
Branch 
PHS-NIH  2«  Primate  Neurology- 

Individual  Project  Report    3o  Bethesda,  Maryland 
Calendar  Year  19^7        I4.  New 


Part  A. 

Project  Titles  Neuromuscular  Transmission  in  %pothermia 

Principal  Investigators  Choh-luh  Li,  M^  D. 

Other  Investigators g  Peter  Gouras^  Me  Do 

Cooperating  Units g  None 

Man  Years  (calendar  year  195?)=   Patient  Days  (calendar  year 
Totals  .10  1957)8 

Professionals  .  10 
Others  » 10  ^        None 


Objectives  To  study  the  performance  of  neuromuscular  junction 
at  low  temperatures  8 

Method  employed g  Isolated  nerve=muscle  preparation  of  the 
sartorious  muscle  of  the  frog  was  used  in  the  case  of  cold 
blooded  animals |  gracilis  anticus  muscle  of  albino  rats  in 
vivo  was  used  in  the  case  of  warm  blooded  sinimalSo  The  ac- 
tivity of  the  neuromuscular  junction  was  recorded  with  intra- 
cellular microelectrodes  placed  at  the  neuromuscular  junctiono 

Major  findings g  In  the  frog  it  was  found  that  the  performance 
of  neuromuscular  transmission  is  most  efficient  at  temperatures 
2l4°-5°C  and  that  it  is  impeded  at  $°C  and  blocked  at  -l°Co 
At  low  temperatures  in  a  single  muscle  fiber  neuromuscular 
junction  may  be  blocked  whereas  the  other  may  noto  It  was 
also  found  that  at  low  temperatures  the  miniature  endplate 
potentials  were  decreased  in  frequency  and  increased  in  ampli- 
tude |  but  at  5  Cj  the  amplitude  began  to  drop  while  the  fre- 
quency continued  to  be  low.  This  investigation  also,  suggests 
that  at  low  temperatures  contracture  activity  may  occur  in 
skeletal  muscle  fibers 0 
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In  the  rat,  as  in  the  frog,  there  is  also  a  critical  temperature 
below  which  transmission  of  impulses  across  the  neiiromuscular  jvinction 
becomes  impeded,  '^'hus,  it  was  found  that  the  performance  of  the  neuro- 
muscular junction  in  mammals  is  most  efficient  at  36  -15  ^   and  that  it 
is  impeded  below  15  ^  and  blocked  at  5  '^a  -^t  low  temperatures^  it  was 
also  demonstrated  that  some  of  the  muscle  fibers  fibrillate»  ■'^is  study- 
also  shows  that  resting  membrane  potentials  recorded  from  single  muscle 
fibers  remain  unchanged  when  they  are  recorded  at  temperatures  between 
36°  and  10  ^   and  that  the  miniature  endplate  potentials  changed  in 
amplitude  and  frequency  at  low  temperatures  r  '^'he  membrane  properties 
of  the  muscle  fiber  changed  at  1^  C  gg  indicated  by  prolongation  of 
the  action  potentials  evoked  by  nerve  stimulation: 

Significance  to  the  Program  of  the  Institutes  In  recent  years  hypo- 
thermia has  been  widely  practised  in  surgical  procedures,  ■'■he  infor- 
mation from  this  study  furnishes  additional  information  about  hypother- 
mia.- '^he   data  from  the  rats  in  this  study  should  be  applicable  to  human 
subjects,  it  is  to  be  noted  that  at  low  temperatures  the  activity  of 
the  muscle  might  change j  for  example,  contracture  activity  in  the  frog 
skeletal  muscle  and  fibrillating  potentials  in  mammalian  muscles,  '^his 
may  have  some  bearing  on  observations  obtained  from  hviman  subjects  ex- 
posed to  cool  temperatures c 

Proposed  course  of  projects   It  will  be  interesting  to  continue  this 
study  in  pathological  subjects,  such  as  dystrophic  rats. 


Part  B  included      ^es  /^         i^o  U 


Serial  No,  NINDB-Ul    (c) 


Individual  Project  Report 
Calendar  Year  1957 


Part  B:     Honors,  Awards,  and  Publications 


Publications  other   than  abstracts  from  this  project; 

Li,  C.   L,,  Shy,   Q.  Mv,  "Wells,  J« :     Some  Properties  of  Mammalian  Skeletal 
Muscle  Fibres  -with  Particular  Reference  to  Fibrillation  Potentials, 
J,   Physiol.   135:522-535,  1957. 

Li,   C.,  L.,   Gouras,  P» :     The  Effect  of  Cooling  on  Neuromuscular  Transmis- 
sion in  the  Frog«     Amer,  J*   Physiol,    (in  press). 

Li,   Ct  L»:      The  Effect  of  Cooling  on  Neuromuscular  Transmission  in  the 
Rat,     Araer,    J,   Physiol,      (in  press) 


Honors  and  Awards  relating  to  this  project: 
None, 


ORP-2  Serial  No.  NINDB-42(c:) 

li  Surgical  Neurology 
Branch 
PHS^NIH  2,  Primate  Neurology 

Individual  Project  Report        3»  Bethesda,  Maryland 
Calendar  i^ear  1957  h.     ^ame  as  NINDB  ^1  (C) 


Part  A, 

Project  1'itles  ^^emote  Stimulation  and  Recordings  of  the  -Electrical 
Activity  of  the  Nervous  System 

Principal  -Investigators  ^hoh-luh  Li,  M,  jD. 

Other  Investigators s  George  Johnston 

Cooperating  Units  Instrument  Section 

Han  Years  (calendar  year  1957)*  Patient  Days  (calendar  year  1957)' 
Total;  .  10 

Professionals  ,  10  None 

^ther:  ,  10 

Project  ^description' 

£bj_ectivB;   'I'o  study  the  behavior  of  mammals  in  higher  forms,  such  as 
monkeys  and  chimpanzees, 

Methods  employed s  The  stimulating  electrode  in  the  brain  was  connected 
to  a  radio  receiver  which  was  imbedded  in  the  body  of  the  animal.   The 
radio  receiver  relayed  stimulating  pulses  from  a  transmitter  transmitting 
stimulating  pulses  at  lU   megocycles  per  second, 

Major  findings s  Epileptic  activity  was  produced  in  unstrained  and  una- 
ware monkeys . 

Significance  to  the  Program  of  the  Institute s  In  the  past,  responses 
to  electrical  stimulation  were  carried  out  in  chronic  animals  with  an 
electrical  cable  attached  to  it.  The  results  have  always  been  compli= 
cated  by  the  awareness  of  the  animal.,   The  present  study  elipiinated 
this  complication, 

Proposed  course  of  the  projects  This  project  was  initiated  in  1955ji 
and  the  development  has  overcome  many  electronic  difficulties,   how- 
ever, when  a  stage  in  which  remote  stimulation  was  possible  had  arrived, 
the  research  project  was  suspended  due  to  limited  space,   -^his  was  in 
November,  1956,  after  a  great  deal  of  energy  and  effort  was  exerted,. 
At  that  time,  it  was  certain  that  remote  recordings  of  electrical  ac=- 
tivity  of  the  brain  could  be  accomplished,   The  project  was  again 
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abandoned  for  similar  reasons,  J^ecently  there  seems  to  be  a  possibility 
of  obtaining  cooperation  from  the  basic  research  unit  under  the  super- 
vision of  Or.  Livingston  and  ^^r.  •^^^ac-'^ean.  The  investigator,  i-i,  has 
made  special  efforts  to  consult  with  a  few  of  the  workers  in  various 
localities  in  the  country  and  has  arrived  at  a  conclusion  that  experi- 
mental results  could  be  obtained  based  on  our  past  experiments  and 
knowledge  only  if  experimental  space  is  available. 


Part  B  included  ^es  ^         No  [j 


Serial  No.     NINDB-i42    (c) 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 


Part  B;  Honors,  Awards,  and  Publications 


Publications  other  than  abstracts  from  this  project! 

Li,  G.  L,. ;  Remote  Stimulation  of  Cortical  Areas  in  Primates.   (Presented 
at  the  Winter  General  Meeting  of  the  American  Institute  of  Electrical 
Engineers,  New  York,  January,  1957.) 


Honors  and  Awards  Relating  to  this  Project: 
None . 


ORP-2  Serial  No.,   NINDB-43(c) 

1 .  Surgical  ^^eurology 
^ ranch 
PHS-NIH  2,  Primate  Neurology 

Individual  Project  ^port         3.'  -t^ethesda,  J^^^aryland 
Calendar  ^ear  1957  h.  New 


Part  A. 

Project  -^itle'  Study  of  Electrical  Activity  in  isolated  "-erebral 
LJortical  '■'•issue  and  ^ther  '•'■'issue 

Principal  Investigator*  ^hoh-luh  i-i,  Hi  ^^ 

Other  Investigators'  ^enry  J-"k;llwain,  i"i.  ^. 

Cooperating  Units?  i^one 

Man  i^ears  (calendar  year  195?)*  Patient  ^ays  (calendar  year  19$?)* 
Totals  .10 

Professional;  ^  10  None 

Other;  .10 

Project  Descriptions 

Objectives  T'o  investigate  electrical  activities  of  individual  cells 
of  isolated  tissues 4 

^Vthods  employed'   •'■he  size  of  the  isolated  tissue  was  7  vm   in  diameter 
and  0,36  mm  in  thickness.   Ihese  were  taken  from  the  cerebral  and  cer.-- 
bellar  cortices ,  kidney,  liver  and  skeletal  muscles  of  the  guinea  pigs 
and  cats,   '-^he  isolated  tissues  were  incub-ited  in  a  specJally  ccistructed 
chamber  designed  by  ^r,  ^cllwain,  according  to  the  metabolic  and  bio- 
chemical  data  provided  by  ^r,  ^^^c^lwain  from  his  extensive  experiments, 
The  electrical  activity  of  the  single  cells  in  these  isolated  tissues 
was  recorded  with  glass  micropipette  electrodes  and  attempts  to  stimu- 
late these  cells  were  made  by  brief  electrical  pulses  and  by  slowly  ris- 
ing pulses » 

^^^ajor  findings  s   '^his  study  provided  information  about  the  resting  mem= 

brane  potentials  of  single  cells  in  the  cerebral  and  cerebellar  cortices, 
kidney,  liver,  and  muscles,   •'■t  was  demonstrated  that  cells  in  the  kidney 
and  liver  are  not  electrically  excited.,   -^^sting  membrane  potentials 
could  be  maintained  in  the  isolated  brain  cells]  electrical  excitation 
was  not  possible  in  the  cells  of  the  cortices  when  they  were  isolated 
from  the  body. 

Significance  to  the  program  of  the  institutes  In  the  past,  metabolic 
and  biochemical  studies  of  the  isolated  brain  tissue  have  provided 
valuable  information  about  the  activity  of  the  brain  cells „   ^his  study 
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however,  demonstrated  that  the  property  of  these  cells  after  being 
isolated  has  changed  and  suggests  that  the  significance  of  the  observa- 
tions previously  made  needs  re-evaluation » 

Proposed  course  of  project'  ^ince  the  primary  aim  of  this  research 
project  was  to  study  the  reaction  of  brain  cells  to  various  chemical 
agents,  specifically  the  convulsive  and  anti-convulsive  drugs,  better 
preparations  are  to  be  sought^  -^t  is  decided  that  isolated  neuronal 
elements  from  tissue  culture  material  should  be  used  instead  of  brain 
slices. 
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Serial  No.   NINDB-U3    (c) 


FHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 


Part  B:  Honors ^  Awards,  and  Publications 


Publications  other  than  abstracts  from  this  projects 

Li,  C.  L,.,  and  Mcllwain,  Hv ;  Maintenance  of  Resting  Membrane  Potentials 
in  Slices  of  Mammalian  Cerebral  Cortex  and  Other  Tissue,  J«  Physiol« 
(in  press) . 


Honors  and  awards  relating  to  this  project; 
None 


0RP.2  Serial  No...  &NINDB-44(c) 


PHS-NIH 

Individual  Project  ^''eport 

Calendar  ^i^ear  1957 

1, 
2. 

Surgical  Neurology- 
Branch 
Primate  Neurology- 
Be  the  sda,  Maryland 
^ame  as  NINDB  1^6  (C) 

Part  A, 

Project  'I'itles  Integration  of  Neuronal  Activity  in  the  Motor  Cortex 

Principal  Investigator^  Choh-luh  Lij  M„  D, 

Other  Investigators s  None 

Cooperating  Units s  None 

Man  Years  (calendar  year  195?) s  Patient  I'ays  (calendar  year  195?)° 
Totals  .  10 

Professionals  ,  10  None 

Others  „  10 

Project  I'escriptions 

Objectives  To  study  the  integration  function  of  the  motor  cortex. 

Methods  emplojyeds   The  study  was  carried  out  in  cats  and  the  activity 
of  the  nerve  cells  in  the  inotor  cortex  was  recorded  with  glass  micro- 
pipette  electrodes  c  -Excitation  of  the  cells  in  the  motor  cortsx  was 
brought  about  by  stimulation  of  the  pyramid  of  the  medulla  and  thalamus. 

Major  findings s   The  result  of  this  study  indicates  that  there  are  two 
types  of  nerve  cells  in  the  motor  cortex?   (l)  those  directly  related 
to  motor  acti-w-ty  and  (2)  those  related  -to  the  general  excitability  of 
the  motor  cortex.,   The  former  could  be  activated  by  antidromic  volleys 
initiated  in  the  pyramid  whereas  the  activity  of  the  latter  was  suppressed 
by  the  activity  of  the  thalamus,   It  was  also  demonstrated  that  re- 
excitation  of  the  cells  which  are  directly  concerned  with  motor  activity, 
hense  epileptic  discharges,  depends  on  the  activity  of  the  interneurones , 
Since  the  activity  of  the  interneurones  could  be  suppressed  by  stimula- 
tion of  the  thalamus,  stimulation  of  the  thalamus  caused  absence  of  re- 
excitation  of  the  motor  neurones.   This  study  also  demonstrated  the 
conduction  villosity  of  the  pyramid  fibers. 

Significance  of  program  to  the  Institutes   The  above  observations  pro- 
vide information  about  the  integration  mechanisms  in  the  function  of 
the  cortex  and  the  thalamus.   Specifically,  this  study  indicated  that 
epileptic  discharges  from  the  motor  cortex  can  be  greatly  influenced  by 
the  activity  of  the  thalamus , 
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Proposed  course  of  pro.jects  Further  investigations  by  exploring  sub- 
cortical structures  other  than  the  thalamus  in  relation  to  the  activity 
of  the  motor  cells  in  the  cortex  will  certainly  furnish  valuable  infor- 
mation about  the  mechanism  of  epileptic  disturbances  initiated  in  the 
motor  cortex.  1'his  investigation  is  being  undertaken  and  the  data  will 
be  available  next  year. 


Part  B  included  Yes  /^  No  [J 


Serial  No.     NIMDB-UU   (c) 


PHS-NIH 
Individual  Project  Report 
Calendar  Year  1957 


Part  B:     Honors,  Awards,  and  Publications 


Publications  other  than  abstracts  from  this  project: 

Li,  C,  L. s     Inhibition  of  Activity  of  Cortical  Motor  Neurons.     Surgical 
Forum,  7tShQ-Sk9,  1957. 

Li,  C.  L.i     Activity  of  Interneurons  of  Neocortex,  1957»     Symposium  on 
Reticular  Formation  of  Brain  (in  press). 


Honors  and  awards  relating  to  this  project: 
None . 


ORP-2  Serial  No.    NINDB-45(c) 


1.  Surgical  Neurology 

2.  Developmental  Neurology 

3.  Bethesda,  Maryland 

4.  Same  as  NINDB  62  (C) 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 


Part  A. 


Project  Title;   The  Investigation  of  the  Site  and  the  Extent 
of  Lesions  Involving  CNS  in  Cerebral  Palsy 
and  Allied  Conditions. 

Principal  Investigator;   Anatole  S.  Dekaban,  M.D. 

Other  Investigators;   None 

Cooperating  Units;   None 

Man  Years  (calendar  year  1957);   Patient  Days  (calendar  year  1957) 
Total:  .25  1,348 

Professional:  „  25 
Other:  ,25 

Project  Description; 

Objectives;   To  correlate  the  clinical  picture  of 
the  patient  with  the  state  of  brain  as  seen  in 
pneumoencephalogram.   To  obtain  some  insight 
into  the  possible  etiology  and  pathogenesis  of 
the  encountered  lesions,  at  least  in  a  propor- 
tion of  instances. 

Methods  Employed; 

1.  Genetic  investigation. 

2.  Detailed  neurological  examination,  including 
psychological  testing  and  EEC. 

3.  Pneumoencephalogram. 

4.  Other  special  tests  as  indicated. 


ifINDB-45(c) 
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Patient  Material; 

No.  Aver. Stay  in  Days 
Admissions;  Children  Male     23       35.5 
Children  Female   19       28 

Clinical  Project 

Major  Findings: 


Analysis  of  42  investigated  patients: 

Pneumoencephalographic  studies  contributed 
considerably  to  the  estimation  of  the  location 
and  extent  of  the  lesion  and  so  aided  in  the 
evaluation  of  the  causal  origin  of  the  condi- 
tion. Out  of  34  patients  on  whom  pneumoencephalo- 
gram  was  performed  26  showed  definite  abnormality; 
in  about  30%  of  these  cases  there  was  evidence  of 
focal  damage  in  the  form  of  atrophy.   In  10  per- 
cent of  the  patients  the  pathology  consisted  of 
congenital  malformations  of  the  central  nervous 
system  and  in  remaining,  about  60  percent,  the 
abnormality  was  of  a  generalized  diffuse  characteri 

Special  tests  as  complement  fixing  antibodies, 
estimation  of  lipid  contents  in  the  cerebro- 
spinal fluid,  special  retinal  studies,  estima- 
tion of  amino  acids  in  urine,  phenylalanine  in 
blood,  genetic  assey  and  a  very  detailed  neuro- 
logical assessment  including  interpretation  of 
pneumoencephalogram  allowed  us  to  make  etio- 
logical diagnosis  in  25  out  of  the  total  of  42 
patients .   In  over  one-half  of  the  remaining  17 
patients  the  pathological  and  etiological 
diagnosis  was  presumptive  and  in  ten  patients 
only  symptomatic  diagnosis  could  be  made. 

Significance  to  Neurological  Research;   In  a  majority 
of  cases  the  etiology  of  cerebral  palsy  and 
allied  conditions  is  poorly  understood.   Better 
knowledge  of  hereditary  background,  clinical 
manifestations,  as  well  as  the  location  and 
extent  of  the  lesion  may  further  our  Insight 
into  the  diverse  etiology  of  these  conditions. 
Full  understanding  of  pathology  and, etiology 
in  larger  groups  of  children  with  brain  damage 
will  suggest  eventually  better  directed 
preventive  and  therapeutic  measures . 
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Part  B;   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

1.  Dekaban,  Anatole,  O'Rourke,  James  and  Cornman, 
Tillye:   "Abnormalities  in  Offspring  Related 
to  Maternal  Rubella  During  Pregnancey." 
Neurology.   In  Press. 

2.  Dekaban,  Anatole  and  Magee,  Kenneth:   "Occur- 
rence of  Neurological  Abnormalities  in  Infants 
Born  to  Diabetic  Mothers."  Neurology.   In 
Press. 

3.  Baldwin,  Maitland  and  Dekaban,  Anatole: 
"Siamese  Twins  Conjoined  by  Their  Head 
(Cephalopagus  Frontalis) .   Surgical  Separa- 
tion Followed  by  Normal  Development."  Brain. 
In  Press. 

4.  Dekaban,  Anatole:   "Noli  Me  Tangere."  J. 
Neurosurgery.   In  Press. 

5.  Dekaban,  Anatole:   "Mental  Deficiency: 
Recessive  Transmission  to  all  Children  by 
Parents  Similarly  Affected."  Arch.  Neurol. 
&  Psychiat.  In  Press. 

Honors  and  Awards  Relating  to  this  Project:  None 


NINDB-45(c) 
ORP-2  (B) 


Proposed  Coarse  of  the  Project;  At  the  present  time 
we  have  detailed  data  on  the  total  of  85  patients 
but  further  accumulation  of  the  material  is  need- 
ed before  global  analysis  can  be  attempted.  Never- 
the  less  various  important  aspects  arising  from 
this  study  have  been  already  evaluated  and  this 
resulted  in  publications. 


Part  B  included     Yes  p^   I     No  i / 


National  Institute  of  Neurological 

Diseases  and  Blindness 

Clinical  Research 

Surgical  Neurology  Branch 

Section  on  Developmental  Neurology 

Serial  Numbers  of  Projects: 

NINDB-45 (c) ,  NINDB-46 (c) , 
NINDB-47(c),  NINDB-48(c), 
NINDB-49 (c) ,   NINDB-50 (c) 


Estimated  Obligations  for  FY  1958 
Total:  $153,030 

Direct:    36,000 

Reimbursements:   117$( 


ORP-2  Serial  No.  NINDB-46(c) 

1.  Surgical  Neurology 

2.  Developmental  Neurology 

3.  Bethesda,  Maryland 

4.  Comb.  NINDB  66  (C)  WLth 

New 

PHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 


Part  A. 


Project  Title;   Pathological  Lesions  in  the  Central  Nervous 
System  Occurring  During  Prenatal,  Intra- 
natal and  Early  Postnatal  life. 

Principal  Investigator;   Anatole  S,  Dekaban,  M.D. 

Other  Investigators;  None 

Cooperating  Units;  None 

Man  Years  (calendar  year  1957); 
Total:  .15 
Professional:  ,15 
Other:  .  15 

Project  Description; 

Objectives;   The  causation  and  pathology  of  the  majority 
of  mental  defects  and  cerebral  palsy  patients  are 
largely  unknown.   Detailed  examination  of  the  brains 
of  children  who  suffered  from  such  disorders  and  the 
correlation  of  these  findings  with  the  clinical  data 
is  expected  to  provide  valuable  information  for 
elucidation  of  etiology  of  these  conditions  and  so 
to  suggest  possible  preventive  measures. 

Methods  Employed;   Detailed  examination  of  brains  and 

spinal  cords  from  patients  who  suffered  from  cerebral 
palsy  or  allied  conditions  by  means  of: 

1.  Gross  inspection  and  dissections. 

2.  Microscopic  study  of  sections  stained  by  chro- 
matic silver,  myelin  and  fat  stains  as  well  as 
by  various  histochemical  procedures. 


NINDB-46(c) 
ORP-2  (A) 


Material;   Twelve  brains  from  cerebral  palsy  children 
were  processed  and  studied. 

Six  brains  with  microgyria  were  prepared  for  study. 

Clinical  Project 

Major  Findings;   In  four  instances  the  central  nervous 
system  lesions  were  secondary  to  the  pathology 
involving  cerebral  blood  vessels .   In  three  in- 
stances primary  progressive  defeneration  of  the 
central  nervous  system  was  present,  the  affection 
of  the  white  matter  being  in  two  and  of  the  cortex 
in  one.  The  brain  and  spinal  cords  of  two  children 
showed  extensive  metastases  from  the  eye  neoplasm. 
In  one  instance  diffuse  fungal  infection  of  the 
brain  and  spinal  cord  was  encountered.  The  central 
nervous  system  of  two  children  showed  marked 
congenital  malformations . 

Significance  to  Neurological  Research;   Such  studies 
are  of  great  importance  as  the  number  of  brains 
examined  in  detail  in  the  instances  of  cerebral 
palsy  and  allied  conditions  is  rather  small.  An 
important  suggestion  regarding  the  etiology  of 
certain  conditions  was  obtained. 

Proposed  Course  of  the  Project;   This  project  was 

begun  about;,jOne  year  ago  and  further  accumulation 
of  specimen,  their  examination  and  analysis  will 
continue.  Similarly  more  cases  of  microgyria  are 
needed  before  attempting  final  analysis . 


Part  B  included     Yes  /x  /  No  I / 


Serial  No.  NINDB-46(c) 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 


Part  B;   Honors,  Awards,  and  Publications 

Dekaban,  ^atole  and  Norman,  Ronald:  "Hemiplegia  in  Early 
Life  Associated  with  Thrombosis  of  the  Sagittal 
Sinus  and  its  Tributary  Veins  in  One  Hemisphere." 
J.  Neuropath,  and  Exper.  Neurology.   In  Press. 

Dekaban,  Anatole:   "Arhinencephaly  in  an  Infant  Born  to 
a  Diabetic  Mother."  In  Press. 

Honors  and  Awards  Relating  to  this  Project:  None 


ORP-2  Serial  No.   NINI)B-47(cV 

1.  Surgical  Neurology 

2.  Developmental  Neurology 

3.  Bethesda,  Maryland 

4.  Comb.  NINDB  64  (C)  and 

NINDB  65  (C) 


PHS-NIH 
Individual  Project  Report 
Calendar  Year  1957 


Part  A. 


Project  Title;   Preparation  of  the  Horizons  of  the  Normal 
Development  of  the  CNS  in  Mice  and  Experi- 
mental Production  of  Congenital  Malforma- 
tions of  the  CNS. 

Principal  Investigator;  Anatole  S.  Dekabanj  M,D. 

Other  Investigators;  Marie  J,  Kendall,  Bo A. 

Cooperating  Units;  None 

Man  Years  (calendar  year  1957); 
Total:   .15 
Professional;   .  15 
Other;   ,15 


Ob.lectives;   The  purpose  of  this  project  is  the  produc- 
tion and  analysis  of  congenital  abnormalities  of  the 
CNS  and  the  provision  of  norms  for  the  development 
of  the  CNS  in  mice. 

Methods  Employed; 

1.  Dissection  of  the  CNS  of  mice  of  16  progressive 
developmental  stages. 

2.  Preparation  and  staining  of  serial  sections. 

3.  Identification  and  "outlining  of  main  structures 
on  the  low  power  microphotograpfes . 

4.  X-ray  radiation  of  pregnant  mice  from  a  strain 
which  does  not  show  any  significant  incidence 
of  spontaneously  occurring  abnormality  of  the 
CNS. 


KIM)B-47(c) 


ORP-2  (A) 


5 .  X-ray  radiation  of  pregnant  Black  C  57  mice 
in  several  stages  of  pregnancy  with  similar 
parameters  to  these  for  mice  in  Swiss  Albino; 
the  strain  used  here  show  an  abnormally  high 
incidence  of  spontaneous  malformations  of  the 
CNS. 

60  Gross  s,  skeletal  s  and  microscopic  examination 
of  the  obtained  specimen = 

Material;  Mice  strain;  NIH  stock  "general  purpose 
Swiss  Albino"  and  Black  C  57 o 

Major  Findings;  An  atlas  of  normal  mouse  brain  has  been 
prepared  and  bound.   It  is  in  etirrent  use  in  our 
laboratory. 

Careful  dissection  of  brain  and  brain  stem  of  fetus 
and  young  mice  in  eleven  age  horizons  were  perform- 
ed. The  specimens  are  sectioned  serially  and  stain- 
ed.  It  needs  to  be  stressed  that  to  obtain  one 
perfect  set  of  serial  sections  for  one  horizon  it 
is  usually  necessary  to  process  and  section  six  to 
twelve  brains.  Only  those  sets  which  are  in  ideal 
conditions  can  be  utilized  for  description. 

Production  of  malformations  by  means  of  x-radiation. 
We  are  considerably  limited  in  space  for  maintenance 
of  mice.   Since  only  certain  age  mice  can  be  used, 
we  have  to  harbour  them  until  they  attain  it.  Thenj 
only  about  20  percent  of  those  kept  become  pregnant 
as  a  result  of  restricted  duration  of  mating  time. 
In  strain   "general  purpose  Swiss  Albino"  98  litters 
were  obtained  from  irradiated  mothers .  Approximately 
10  percent  of  these  had  major  abnormalities,  about 
25  pettervt  minor  abnoirmalities  and  the  remaining  are 
free  of  detectable  pathology.   Similar  parameters  of 
irradiation  and  technique  were  applied  to  strain 
Black  C  57  and  so  far  45  litters  were  obtained.  - 

Significance  to  Neurological  Research;  An  experimental 
approach  to  congenital  malformations  of  the  CNS  is 
necessary  to  help  us  understand  certain  obscure 
malformations  occurring  in  humans.  The  provision 
of  norms  of  the  central  nervous  system  has  to  preceed 
the  experimental  production  of  congenital  malforma" 
tionsa  as  there  does  not  exist  any  proper  guide  in 


NINDB-47(c) 


ORP-2  (B) 


in  the  form  of  an  atlas  or  of  a  satisfactory 
reference  during  consecutive  stages  of  the 
development  of  the  mouse.  Majority  of  the 
stages  in  this  strain  are  not  yet  completed 
and  final  analysis  of  data  and  comparison 
with  the  findings  learned  from  irradiation 
will  be  done  during  the  coming  year. 

Proposed  Course  of  the  Project;   Processing  of 
further  age  horizons  and  irradiation  must 
continue  and  will  ifequire  about  15  months 
more  work.   Accumulation  of  more  material 
in  both  strains  of  mice  is  needed  before 
attempting  an  analysis.   This  will  continue 
during  the  next  year. 


Part  B  included     Yes  / /  No  f^ 


ORP-2  Serial  No.   NINDB-48(c) 

1.  Surgical  Neurology 

2.  Developmental  Neurology 

3.  Bethesda,  Maryland 

4.  Comb.  NINDB  63  (C)  and 

NINPB  68  (C) 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 


Part  A. 


Project  Title;  Maternal  Condition  During  Pregnancy  and  the 
Course  o£  Birth  in  Relation  to  Neurological 
Abnormalities  in  the  Infants  and  Pathologic 
Lesions  in  Products  of  Abortion. 

Principal  Investigator;   Anatole  S.  Dekaban,  M.D. 

Other  Investigators;   Dr.  T.E.  Cone  and  Dr.  H.H.  Hill, 
National  Naval  Medical  Center; 
Dr.  L.J.  Geppert  and  Dr.  H.L. 
Riva,  Walter  Reed  Army  Hospital; 
Carolyn  May  Smith,  R.N.,  NINDB 

Cooperating  Units;   National  Naval  Medical  Center  and 
Walter  Reed  Army  Hospital 

Man  Years  (calendar  year  1957); 
Total:  ,15 
Professionals  ,15 
Other:  ,15 

Project  Description: 

Objectives:   Analysis  of  various  abnormal  factors  occur- 
ring in  pregnant  mothers  or  complications  of  birth 
which  may  cause  or  contribute  to  neurological 
abnormalities  in  infants . 

Methods  Employed; 

1.  Prenatal  care  of  mothers  under  research  and  their 
individual  final  assessment. 

2.  Recording  and  evaluating  of  the  course  of  birth 
and  pertinent  abnormalities. 


NINDB-48(c) 
ORP-2  (A) 


3.  Examination  of  the  newborn  infants  during 
initial  hospital  stay. 

4.  Follow-up  examination  of  infants. 

5.  Gross  and  microscopic  examination  of  the 
products  of  abortion. 

Patients  Material; 

1.  All  pregnant  women  who  were  receiving  pre- 
natal care  at  the  National  Naval  Medical 
Center  and  Walter  Reed  Army  Hospital  and 
subsequently  were  delivered  in  these 
hospitals  between  March  1,  1956  and  March 
1,  1957. 

Clinical  Project 

Major  Findings;   The  examinations  and  assessment 
of  twenty-one  percent  of  the  total  4,480  in- 
fants had  been  completed.  This  leaves  us  with 
a  tremendous  load  of  over  3,000  infants  to  be 
evaluated  and  examined.  The  analysis  of  the 
data  obtained  cannot  be  started  before  the 
examination  is  completed.  This  will  call  for 
two  more  years  of  extensive  work.   65  embryos 
were  processed  and  48  examined.   In  15  percent 
of  these  a  significant  pathology  was  encountered. 

Significance  to  Neurological  Research;   It  is  known 
in  general  that  various  environmental  factors 
acting  during  prenatal,  intranatal  and  early  post- 
natal life  may  be  responsible  for  brain  damage  and 
the  associated  clinical  sequelae  in  infants.  This 
study  may  be  able  to  reveal  the  relative  importance 
of  certain  factors  over  the  others  and  also  their 
incidence.  Since  careful  and  uniform  examinations 
are  being  conducted  during  all  stages  of  prenatal 
and  postnatal  life,  final  analysis  of  the  findings 
should  be  significant. 

Proposed  Course  of  the  Project;   The  outlined  examina- 
tions and  recordings  of  the  data  have  to  continue  be- 
fore the  final  analysis  can  be  attempted.  The  large 
and  incessant  number  of  subjects  under  study  imposes 
a  particularly  heavy  load  of  work  on  the  staff  members 
of  this  section. 


Part  B  included     Yes  /  /  No  / ^  / 


ORP-2  Serial  No.  NINDB-49(c) 

1 .  Surgical  Neurology 

2.  Developmental  Neurology 

3.  Bethesda,  Maryland 

4.  New 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 


Part  A. 


Project  Title;  The  Incidence  and  the:  '  Type  of  the  Central 
Nervous  System  Abnormalities  Encountered 
in  Offspring  Born  to  Diabetic  Mothers. 

Principal  Investigator;  Anatole  S,  Dekaban,  M.D. 

Robert  L.  Baird,  M.D. 

Other  Investigators;  None 

Cooperating  Dnits;  None 

Man  Years  (calendar  year  1957); 
Total;   .15 
Professional;  ^15 
Other;   ,  15 

Project  Description; 

Objectives;   Our  clinical  and  neuropathological  data 
indicated  that  severe  abnormalities  must  occur 
not  infrequently  in  infants  born  to  diabetic 
mothers.   (Dekaban,  Anatole  and  Magee,  Kenneth; 
"Occurrence  of  Neurological  Abnormalities  in  In- 
fants Born  from  Diabetic  Mothers."  Neurology. 
In  press.)   It  became  important  to  evaluate 
statistically  the  incidence  of  these  abnormalities 
in  larger  series  of  offspring  born  to  diabetic 
mothers  and  to  analyze  the  findings  in  light  of 
findings  in  series  of  normal  controls . 

Methods ;   1.  Critical  assessment  of  maternal  diabetes 
and  her  total  pregnancies . 

2.  Examination  of  all  her  offspring. 

Material;   Fifty=three  diabetic  mothers  and  the  total 
of  179  of  their  offspring  were  examined. 

Clinical  Project 


NINDB-49(c) 
ORP-2  (A) 


Major  Findings;   This  project  is  in  progress  and  final 
evaluation  and  analysis  will  be  made  when  the  number 
of  examined  diabetic  mothers  will  approach  one 
hundred. 

Significance  to  Neurological  Research;   To  further  our 
knowledge  of  the  cause  of  cerebral  palsy  and  allied 
conditions. 

Proposed  Course  of  the  Project;   Further  accumulation 
of  patient  material  is  needed  before  final  analysis 
and  assessment. 


Part  B  included     Yes  I /  No  /^  / 


ORP-2  Serial  No.      NINDBk50(c) 


1.  Surgical  Neurology 

2.  Developmental  Neurology 

3.  Bethesda,  Maryland 

4.  Same  as  NINDB  67  (C) 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 


Part  A. 


Project  Title;  Measurements  of  External  and  Internal 
Orbital  Distance  in  Males  and  Females 
from  Birth  to  Adulthood. 

Principal  Investigator;  Anatole  S.  Dekaban,  M.D. 

Other  Investigators;  None 

Cooperating  Units;  None 

Man  Years  (calendar  year  1957); 
Total:  .15 
Professional:  .15 
Other:  ,15 

Project  Description: 

Objectives:   It  has  been  found  that  the  measurement 
of  the  interpupillary  distance  in  humans  for  the 
purpose  of  estimation  of  abnormality  of  the 
sphenoid  bone  is  unsatisfactory.   It  is  thought 
that  either  external  or  internal  orbital  distance 
or  index  thereof  should  take  place  of  the  measure- 
ments of  the  interpupillary  distance. 

Methods  Employed: 

1.  Measurements  of  the  above-named  distances  in 
human  males  and  females  at  progressive  ages 
beginning  from  zero  to  20  years  of  age. 

2.  Correlation  of  physical  measurements  of  a  small 
group  of  children  with  measurements  made  on 
cephalometric  x-rays . 

3.  Statistical  analysis  in  various  age  horizons. 


ORP-2  (A) 


NIMDB-50(c) 


Material;  Measurements  oi.  VI  horizons  have  been  taken. 
This  amounts  to  the  tota.  >f  600  head  measurements. 

Clinical  Project 

Major  Findings;   This  material  is  be.vg  currently 
validated  and  subsequently  it  will  «is  subjected 
to  the  statistical  analysis. 

Significance  to  Neurological  Research;   To  make  the 
estimation  of  conditions  such  as  hypertelorism 
more  scientific,  the  measurements  of  stable 
bony  structures  rather  than  movable  organ  as 
eyeball,  should  be  performed.  As  an  example 
a  concommitant  divergent  strabismus  can  be  given; 
in  this  instance  measurement  of  the  interpupillary 
distance  for  the  estimation  of  the  abnormality  of 
the  sphenoid  bone  would  obviously  give  false 
results. 

Proposed  Course  of  the  Project;   Following  statistical 
analysis  the  data  will  be  arranged  and  prepared 
for  publication.   Certain  important  clinical  aspects 
will  be  illustrated  and  the  use  of  the  chart  explain- 
ed. 


Part  B  included     Yes  j_ /   No  /x  / 


ORP-2 

Serial  No.         NINDB-51(c) 


1,  Siirgical  Neurology  Branch 

2,  Section  on  Pain 

3«  Bethesda  li;,  Maryland 
U.  New 


PIB-NIH 

Individual  B:oject  Report 

Calendar  Tear  19^7 


Part  A, 


P^ject  Titles  Separation  of  Craniopagus 

Principal  Invest3.gator£  Kenneth  D.  Hall,  M.D, 

Other  Investigators;  John  Merzig,  M.D, 

Forbes  H,  Horris,  Jr.,  M.D, 
Shirley  lewis,  R.  N, 

Cooperating  Units s  None 

Man  Years  (calendar  year  1907):    Patient  Days  (C,y,  1957): 
Total;  ,  20  None 

Professionals  ,20 
Other:  .20 

Project  Description; 

Objective?  The  objective  of  this  project  was  to  provide  safe 
anesthesia  for  two  Siamese  twins,  craniopagus,  joined  brow  to 
brow,  who  were  to  be  surgically  separated  by  Dr,  Baldwin, 
Chief,  Neuros^orgical  Branch,  This  presented  several  problems 
involving  maintenance  of  airway,  electrolyte,  and  fluid 
balance  in  these  twins. 

Method  Employed £  A  special  operating  room  table  was  devised 
to  hold  the  twins  and  a  special  low  dead  air  non-rebreathing 
system  was  devised.  Each  twin  was  treated  as  an  individual, 
having  a  separate  anesthesiologist  and  equipment,  A  third 
member  of  the  anesthesia  team  measured  hemotocrits  by  a  micro 
method  at  at  least  one-half  hourly  intervals  and  carefully 
regulated  the  fluid  and  electrolyte  balance  based  upon  the 
hematocrits,  estimated  blood  loss,  and  general  condition  of 
the  patients. 


Ekrt  B  included  Yes  ^  ^o  £J 


NINDB-51(c) 


0RP-2(1d) 

Bixjject  Description  (continued) 

Ektient  Materials  Two  Siamese  twins  joined  brow  to  brow. 

Major  Findings;  The  patients  were  successfully  carried 
through  two  complete  anesthesias  for  two  separate  neuro- 
surgical procedures.  By  means  of  studying  the  heraat6crits 
and  the  effects  of  dosages  of  different  anesthetics  ±t  was 
concluded  that  although  the  two  twins  had  very  close  ana- 
tomical separation,  they  were  essentially  physiological 
separate  individuals. 

Significance  to  Neurological  Research;   It  is  hoped  that  in 
other  cases  of  Siamese  twins  that  the  study  of  the  circulation 
to  determine  whether  this  is  separate  or  joined  and  if  so, 
how  much,  will  be  more  carefully  investigated,  using  such 
techniques  as  blood  volume,  dye  dulution,  and  radioactive 
isotope  distribution. 

Proposed  Course  of  Project t  The  project  was  completed  with 
the  successful  separation  of  the  twins. 


Serial  No.   NINDB-51(c) 


PIS-NIH 
Individual  Project  Report 
Calendar  Year  19^7 


Pfeo't  B;  Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  projects 

Hall,  Kenneth  D,,  Meraig,  John,  Norris,  Forbes  H.,  Jr. 

and  lewis,  Shirley.  "Case  Reports  Separation  of  Craniopagus" 

Anesthesiology  (in  press). 


Honors  and  Awards  relating  to  this  projects  None 


OPR-2 

Serial  No.        NINDB-52(c) 


1.  Siirgical  Neurology  Branch 

2e  Section  on  Pain 

3.  Bethesda  lU,  Maryland 

k.  Same  as  NINDB-75  (c) 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 


Part  A. 


Project  Title;  Respiratory  Patterns 

Principal  Investigator:   Kenneth  D,  Hall,  M.D, 

Other  Investigators;  John  Van  Bureji,  M.D. 

Forbes  H,  Norris,  Jr.,  M.D. 

Cooperating  Units s  None 

Man  Years  (calendar  year  195?) :    Patient  Days  (C.Y.  1957): 
~  Total:  , 20  None 

Professional:  ,  20 

Other:  ,20 

Project  Description: 

Objective:  The  objective  of  this  project  is  to  study  the 
respiratory  patterns  in  patients  and  animals  while  awake 
and  in  different  planes  of  anesthesia.  It  is  also  hoped 
to  study  the  basic  physiological  respiratory  patterns 
during  spontaneously  breathing,  controlled  manual  breathing 
with  mechanical  respirators,  with  and  \ri.thout  muscle 
relaxants , 

Method  Employed;  A  wire  screen  flow  meter  was  developed 
and  built  by  this  section  to  record  rapidly,  accurately, 
and  with  as  little  resistence  to  the  flow  of  respiratory 
gases  as  possible.  With  this,  it  is  possible  to  record 
photographically  the  respiratory  patterns  simultaneously 
with  other  pl^siological  parameters,  such  as  arterial 
and  venous  blood  pressures «  From  the  record  respiratory 
pattern  can  be  measured  or  calculated:  the  respiratory 
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rate,  maximum  instantaneous  flow,  tidal  air,  and  minute 
volume,  the  method  of  calibrating  the  wire  screen  flow 
meters  accurately  has  been  improved  with  the  acquisition 
and  use  of  calibrated  roto  meters. 

Patient  Materials  The  wire  screen  flow  meter  has  been 
used  on  about  a  dozen  patients  to  date  in  order  to 
perfect  the  technique.  It  was  found  that  the  meter 
in  no  way  affected  the  respiration  of  the  patient  nor 
provided  any  obstruction  to  the  patient's  airway. 
Good  respiratory  curves  could  be  obtained  with  the 
patient  on  either  spontaneous  manually  ventilated  or 
respirator  ventilated  respiration,  with  and  without 
muscle  relaxants. 

Major  Findings?  None  as  yet. 

Significance  to  Neurological  Research £  It  is  hoped 
that  it  will  be  learned  which  methods  of  respiration 
are  the  most  physiological  and  also  that  some  light 
will  be  shed  on  the  basic  neurological  problem  of  the 
control  of  respiration. 

Proposed  Course  of  Project?  At  present  the  work  on 
this  project  will  be  limited  to  recording  normal 
asleep  respirations,  spontaneous  arjd  controlled  on 
patients  undergoing  neurosurgical  procedures  under 
general  anesthesia.  With  the  cooperation  of  Dr.  John 
Van  Buren  it  is  hoped  to  stimulate  certain  areas  of 
the  cortex  with  the  patient  under  light  general 
anesthesia,  breathing  spontaneously,  in  order  to  study 
effects  of  the  stimulation  on  the  respiratory  rate  and 
depth. 
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Project  Title t  The  Analgesic  State 

Principal  Investigator;-  Kenneth  D,   Hall,  M.D, 

Other  Investigators:  Philip  H.  Geisler,  ti.D,. 

Forbes  H.  Norris,  Jr.,  H,D., 

Cooperating  Units s  None 

Man  Years  (calendar  year  195?):    Pati»nt  Davs  (G.I,  "19^7): 
""Total  r  .20  ~lk^^'     '*"" 

Professional:  ,20 

Other:  .  20 

P!roject  Descriptions 

Objective i  There  has  been  an  increased  interest  in  recent 
years  in  the  so-called  "analgesic  state".  The  clinical  use 
of  this  state  has  increased  markedly  and  involves  a  large 

percentac^e  of  anesthesia  in  such  fields  as  obstetrics,  with 
its  *'twili-;:ht  sleep"  and  '-fearless  childuirth";  plastic 
surgery,  particularly  during  burn  dressings,  and  grafts  on 
poor  risk  patients;  military  surgery  for  emergency  treatment 
of  battle  cnpu3?.tics,  and  cardiac  surgery,  Many  drugs  have 
been  usf-d  in  S.'ip.fv  cr.arJ:^':^txon,   notablj''  tri.chloreil'iylene, 
chloi'ororr,  and  elhev.. 

Although  this  state  has  been  used  viidely  clinically,  very 
little  studies  have  been  done  on  the  basic  physiology  in- 
volved, 'i'lie  techniques  to  measure  the  degrees  of  the 
analgevSic  state  and  to  separate  it  frora  the  norr.ial  conscious 
state  at  one  end  and  the  anesthetic  state  at  the  other  end 
have  not  been  xvell  xrorked  out  yet. 
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Pi*oject  Description  (continued) 

At  a  National  Research  Cotincil  sub -committee  on  anesthesia 
meeting  during  the  past  year,  interest  was  expressed  in  the 
use  of  chloroform  as  an  analgesic  agent  for  battle  casualties* 
It  was  suggested  at  this  meeting  that  any  policy  concerning 
the  use  of  chloroform  be  held  until  a  new  drug  'Fluothane' 
(trifluorobromochloroethahe)  could  be  further  evaluated. 
Since  there  seemed  to  be  very  widespread  and  intense  interest 
in  the  basic  and  clinical  evaluation  of  this  new  drug  in  all 
areas  of  the  Armed  Services  and  in  teaching  hospitals,  it  was 
decided  to  expand  the  research  projects  on  the  evaltation  of 
thi?  drvig  in  this  section. 

Method  Employed g.  As  an  introduction  to  this  project,  we 
intend  to  investigate  new  drugs,  for  example,  'Fluothane', 
and  study  their  effects  on  basic  physiology  and  their 
analgesic  and  anesthetic  properties  first  on  experimental 
animals,  and  then,  if  deemed  safe,  on  patients. 

Evaluation  of  'Fluothane'  has  been  divided  roughly  into 
four  sub-projects. 

Sub-project  No.  It  Evaluation  of  the  cardiovascular 
and  respiratory  effects  of  'Fluothane'  in  dogs.  Nine  (9) 
dogs  were  administered  'Fluothane'  anesthesia  at 
different  levels.  Various  physiological  parameters  were 
studied  such  as  respiration,  using  the  wire  screen  flow 
meter,  blood  pressure,  pulse  rate,  EKG,  EEG,  temperature, 
and  urine  output.  Arterial  blood  samples  were  drawn  at 
intervals  and  analysed  for  pH,  CO2  content,  oxygen 
content  and  hemoglobin. 

Sub-project  No»  2s-  Since  there  is  some  evidence  that 
'Fluothane'  sensitizes  the  action  of  the  heart  to 
epinephrine  an  extensive  study  was  undertaken  in  which 
over  50  dogs  were  administered  'Fluothane'  anesthesia 
and  then  given  an  inteirvenous  dose  of  epinephrine  or 
nor-epinephrine V  This  was  done  with  and  without  additional 
pentothal  anesthesia, 

Sub~project  No,  3;.  Some  interesting  changes  in  the  electro- 
cardiogram are  noticed  with  'Fluothane'  anesthesia,  Notably 
changes  in  the  T-wave,  Dogs  may  be  carried  to  a  given 
level  of  'Fluothane'  anesthesia  and  various  parts  of  the 
electrocardiogram  carefully  measured., 

Sub-project  No.  U^  Since  there  is  some  question  on  whether 
a  halogenated  compound  such  as  'Fluothane'  may  have  liver 
toxicity,  clinic  experiments  are  being  done  on  a  number 
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of  dogs  under  Fluothane  anesthesia.  After  a  given 
number  of  hours  of  'Fluothane'  anesthesia  at  a  given 
level  the  dogs  are  autopsied  and  their  livers  and 
kidneys  and  other  organs  studied.  In  conjunction  with 
this  project^  the  effect  of  'Fluothane'  on  possible 
bleeding  and  clotting  mechanisms  is  also  being  studied, 
If  the  'Fluothane'  is  shorn  to  have  no  toxic  effects. 
in  animals^  the  bleeding  and  clotting  mechanism  sub- 
project  will  be  carried  over  to  human  patients. 

It  is  felt  that  one  of  the  most  important  aspects  of 
'Fluothane'  anesthesia  is  the  method  in  which  it  is 
administered »  It  is  such  a  potent  agent  that  care- 
ful monitoring  of  its  concentration  in  the  inspired 
air  is  essential  for  safe  use.  Two  such  instrxunents 
known  to -date  have  been  devised  which  safely  monitor 
this  agent  in  tenth  of  percents.  The  first  of  these, 
the  "Fluotec"  has  been  acquired,  calibrated,  used  and 
found  to  successfully  fulfill  this  requirement*  The 
second  instrument,  the  "Stephen  Fabian  Newton  Fluothane 
Vaporizer"  is  being  acquired, 

P&tient  Materials  To  date  only  two  patients  have  been  ad- 
ministered  'Fluothane'  without  deletarious  effects  creditable 
to  the  'Fluothane'  discovered. 

Major  Findings;  One  paper  has  been  submitted,  see  below, 
and  it  is  hoped  two  (2)  more  will  be  submitted  in  the  near 
future  on  this  project.  The  paper  submitted  concerns  post- 
mortem examination  of  liver  and  kidney  of  a  patient  who 
died  several  days  after  having  received  a  large  amount  of 
'Fluothane'  anesthesia  and  who  died  probably  partly  as  a 
result  of  a  bleeding  tendency.  Examination  of  the  tissues 
received  from  this  patient  indicated  no  toxic  effects  due 
to  'Fluothane', 

The  next  paper  deals  with  the  respiratory  and  cardiovascular 
effects  of  'Fluothane'  in  dogs.  It  was  shown  that  'Fluothane' 
anesthesia  when  intentionally  deepened  to  the  point  of  death 
produces  death  by  means  of  asphyxia.  Severe  re'spiratory 
depression  as  measured  by  respiratory  rate,  minute  voliime, 
pH,  COp  content,  and  oxygen  percent  saturation,  was  observed 
long  before  any  severe  cardiovascular  depression,  was  indicated 
by  blood  pressure,  pulse  pressure,  pulse,  and  electrocardiogram, 
was  observed e  There  is  a  slight  to  moderate  hypotension  pro- 
duced on  induction  with  "Fluothane'  anesthesia.  This  is 
probably  due  to  its  ganglionic  blocking  action  and  is  not 
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necessarily  considered  a  delfitarious  effect.  Some  investigators 
elsewhere  have  even  utilized  this  hypotension  for  use  during 
surgeiy. 

The  third  paper,  on  the  sensitization  of  the  heart  to  the 
effects  of  epinephrine J  by  'Fluothane'  demonstrates  that  such 
a  sensitization  does  exist.  The  concentration  of  epinephrine 
to  cause  severe  arrhythmias ^  however,  is  so  high  that  it 
probably  has  no  clinical  significance.  Further  investigaticn 
of  the  effect  of  'Fluothane'  on  sensitization  of  the  heart 
to  epinephrine  on  chimpanzees  is  being  done.  To  date  five  (5) 
chimpanzees  have  revealed  no  arrhythmias  such  as  found  in  dogs. 
Since  it  is  considered  desirable  in  a  nvimber  of  surgical 
procedures  to  inject  solutions  containing  epinfephrine  sub- 
cutaneously,  this  is  considered  one  of  our  most  pressing 
projects.  It  is  strongly  felt  that  a  definitive  statement, 
on  the  safety  of  using  epinephrine  and  'Fluothane'  together, 
should  be  made. 

As  yet,  there  -lave  been  no  major  clinical  findings,  on        ; 
toxicity  to  liver  and  kidney. 

Significance  to  Neurological  Research;  It  is  hoped  that  EEG 
and  other  techniques  that  measure  responsiveness  may  enable 
us  to  reproducably  achieve  a  state  in  which  the  patient  or 
animal  is  conscious  but  feels  no  pain  (with  or  without 
amnesia) i 

Proposed  Course  of  Project;  Different  aspects  of  this  problem 
will  be  explored  as  they  arise. 

It  is  hoped  that  this  work  may  also  shed  more  light  oh  the 
basic  physiology  of  the  nervous  system. 

It  appears  that  'Fluothane'  is  a  relatively  safe  and  very 
useful  anesthetic  agent»  Many  of  the  above  sub-projects 
vrill  be  carried  over  to  human  patients  in  the  coming  year. 
It  is  hoped  that  specifically  the  effect  of  clotting 
mechanism  may  be  further  evaluated,  and  that  a  major  project 
may  be  initiated  on  studying  the  possible  ganglionic  blocking 
effect  of  this  drug.  This  may  be  done  in  conjunction  with 
Dr,  Richard  Iivin* 
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Part  B;:  Ebnors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Hall,  Kenneth  D,,  Geisler,  Philip  H^  and  Norris,  Forbes  H,  Jr. 
"Case  Report" 


Honors  and  Awards  relating  to  this  projects  None 
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Part  A, 

Project  Title?  Central  Control  of  Autonomic  Functions 

Principal  Investigator ;■  Kenneth  D,  Hall,  M,D, 

Other  Investigators;  None 

Cooperating  Units;  None 

Man  Years  (calendar  year  1957) :;    t^,i,l^—^^   (^-^^  ■-1957); 
Total:  .20  :Non8" 

Professional:  .  20 
Other;  .  20 

Project  Descriptiont 

Objective;^  The  broad  objective  of  this  project  vrf-ll  be 
to  learn  more  of  the  central  control  of  the  various 
autonomic  functions,  such  as  blood  pressure,  respiration, 

etc .  *" '"  ■' 

Method  Employed £  At  present  one  aspect  of  this  project 
will  be  studied,  namely,  the  phenomonen,  known  as  the 
"Traube=Herring"  waves.  This  will  be  done  under  light 
anesthesia  with  animals,  recording:  respiration, 
arterial  and  venous  blood  pressure,  EKG's,  and  perhaps 
EEG'g,  It .will  be  attempted  to  learn  what  level  of 
anesthesia,  if  any,  will  obliterate  these  responses 
and  also  to  study  the  effect  on  these  waves  of  other 
physiological  stimuli,  such  as  hemorrhage.  Eventually 
we  hope  to  be  able  to  study  the  effect  of  direct  cortical 
stimvilation  on  this  phenomonen- 
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Patient  Materials:  None  as  yet  (N-6-525) 

Major  Findings;:  None  as  yet 

Significance  to  Neurological  Research s  It  is  hoped  that 
this  work  may  further  explain  some  of  the  mechanisms 
of  the  control  of  the  organism  by  the  central  nervous 
system. 

Proposed  Course  of  Project;  It  is  hoped  that  this  project 
may  be  continued  for  sometime  and  will  be  studied  in 
various  parts.  At  present j  Part  I  =  Arterial  Blood  Pressure 
TiriJLl  be  investigated. 
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Part  A. 

Pro.ject  ^itles  Psychological  ^valuation  of  'temporal  Lobe  diseases 

Principal  ^nvestigator»  Laurence  L,  Frost 

Other  investigators  s  Maitland  -t^aldwinj,  Joyce  Oihoeftj  %ldred  Blevlms 
Shirley  Lewis 

Cooperating  Units s  None 
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Oth  °    50  (89  evaluations  performed) 


Ob.jectives  To  study  patients  with  temporal  lobe  disease,  with  particu- 
lar regard  to  perceptual  behavior  and  attitude,  language  and  speech  and 
recordings  of  past  experience, 

Methods  employed s  Tests  of  visual,  auditory  and  tactual  perceptiosii 
tests  of  intelligence  and  personalityi  tests  for  aphasia  and  tests  ad- 
vised for  the  evaluation  of  speech  errors  other  than  those  covered  in 
the  tests  for  speech  aphasiai  tests  designed  to  measure  learningj  and, 
finally,  observation  of  patients  interviewed  and  tests  of  new  design. 

Ma.jor  findings;  Patients  with  disease  of  the  temporal  lobes  are  liable 
to  perceptual  aberrations.  T^e  perceptual  illusions  which  often  char- 
acterize the  ictal  patterns  of  temporal  lobe  epilepsy  are  well  known. 
Similar  illusioas  may  follow  other  disease  of  the  temporal  lobe,  ^et 
ordinary  or  orthodox  tests  of  visual  and  auditory  perception  do  not  re- 
veal significant  abnormalities  when  applied  to  these  patients.  Some 
such  patients  do  have  difficulty  in  completion  tests  which  depend  on 
complex  visual  perceptions,  Por  example,  patients  with  lesions  of  the 
right  temporal  lobe  (according  to  Miiner)  often  have  difficulty  in  de- 
termination of  "missing"  factors  in  a  complex  picture.  Certainly,  frpm. 
the  observation  of  patients  here,  it  seems  clear  that  many  of  them  ha^e 
difficulty  in  perceptual  and  spatial  orientation,  ^t  is  difficult  for 
them  to  relate  objects  in  space  and  by  relative  directions. 
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These  general  observations  led  to  the  development  of  a  simple  test 
for  spatial  relationships  and  orientation,  ^he  patient  is  asked  to 
draw  a  chalk  floor  plan  ©f  his  hospital  room  and  relate  this  by  other 
chalk  lines  to  the  corridor  on  which  it  opens,  '^wenty^five  patisnts  with 
epileptogenic  disease  of  the  temporal  lobes  were  asked  to  perforn  this 
simple  task  is  an  "office  interview"  situation,  Of  thesej  only  five 
could  draw  "reasonably  accurate"  floor  plansj,  although  all  had  lived 
in  their  roems  (which  they  were  trying  to  diagram)  for  at  least  fcur 
weeks.  All  were  free  of  seizures  and  on  mild  doses  of  anti-con\.iilsant 
medication  at  the  time  of  testing.  The  majority  drew  rhomboids,  squares 
or  distorted  figures,  %  one  (in  the  majority)  could  relate  tho  diree- 
tioa  of  the  corridor  to  the  room,  ^^bst  patients  tried  to  draw  in  fur- 
niture outlines  which  were  characterized  by  exaggeration  and  false 
proportions.  Some  outlined  a  large  bed  and  tiny  surrounding  furniture. 
Control  subjects  were  uniformly  successful  in  this  test.  Patients  with 
bitemporal  lesions  had  the  poorest  results^,  while  those  with  right 
temporal  abnormality  scored  highest  in  the  patient  group. 

In  an  interview  situation,  73  patients  (who  complained  of  cerebral 
seizures)  were  tested  for  social=communication  facility,   i'hirty-two 
were  described  as  poor  communicators.  The  poorest  ©f  this  group  had 
•plieptogenic  lesions  in  the  left  temporal  lobe. 

^servation  of  similar  patients j  in  ward  situations j  reveals  a 
typical  language  pattern.  Their  speech  is  relatively  deficient  in  sub- 
stantives and  rich  in  adverbs  and  qualifying  clauses,  ^t  is  elaborate j 
iaaccurate,  and  filled  with  repetitions.  %viously  some  patients  have 
classical  "aphasic"  difficulties,  ^wever,  these  are  in  the  minority 
andj  in  general,  aphasic  difficulties  are  superimposed  on  the  language 
characteristics  noted  above, 

Ward  observation  also  provides  information  om.   abnormal  behavior 
and  memory  deficits,  A  patient  with  temporal  lobe  disease  is  usually 
somewhat  irritable,  hypersensitive  and  moody.  Occasionally  he  is  hyper= 
irritable  and  suspicious  and  expresses  ideas  of  reference,  ^e  "treats" 
other  people  as  objects  and  does  not  form  social  relationships  easily. 
Often  his  affect  is  bland  (to  the  observer) |  yet  he  seems  aggressive  or 
passively  hostile,  ^e  has  violent  outbursts  of  temperj  yet  these  tantrums 
pass  quickly  and  he  is  surprised  that  others  take  them  seriously.  ^ome= 
times  he  becomes  psychotic  and  cannot  be  reached  by  ordinary  communica= 
tioBo  Then  he  is  suspicious  of  others,  uaaware  of  his  surroundings,  and 
his  language  becomes  primitive. 

All  temporal  lobe  patients  complain  of  difficulty  in  remembering. 
Yet  they  all  recall  a  series  of  recent  events  with  reasonable  accuracy 
if  given  a  description  of  one  event  in  the  series.  They  can  recall  but 
they  cannot  associate  or  relate  well.  This  difficulty  is  most  marked 
ia  patients  with  bitemporal  lesions. 
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Significance  of  program  to  the  Institute?  The  psychological  character- 
istics of  the  temporal  lobe  patient  are  complex  and  bizarre,  ^xs   be- 
havior, attitudes  and  language  are  abnormal,  ^hese  abnormalities  sug- 
gest that  he  is  suffering  from  psychological  disturbances  which  may  be 
disturbances  relative  to  those  found  in  schizophrenics,  ^hus  pursuit 
of  this  project  may  lead  to  the  discovery  of  some  clues  that  will,  in 
turn,  relate  the  clinical  characteristic  of  psychosis  to  a  particular 
area  of  the  brain  and  its  connections. 

Proposed  course  of  project?  The  discovery  of  the  perceptual  aberration 
must  be  pursued  and  elaborated  with  controls  and  more  test  subjects. 
A  new  test  for  perceptual  aberration  will  be  designed,  '^'he  abnormal 
behavior  will  be  observed,  and  language  characteristics  will  be  analyzed 
with  the  Cobb  techniques. 
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Part  A. 

Project  ^itles  Intellectual  and  social  evaluation  of  severely  mentally 
retarded  cerebral  palsied  individuals 

Principal  Inve3tiga,tors  Laurence  L.  Frost 

Other  Investigators  s  Anatole  Dekabanj  Joyce  Olhoeftj,  Mildred  Bievins 

Cpoperatiag  Units s  None 

Man  ^ears  (calendar  year  195?)  ^  Patient  ^a.ys   (calendar  year  195?)° 
Total?  . 50  None 

oSfrr^So"^'  *^°  (11  evaluations  performed) 

Project  Descriptions 

Objectives  T©  attempt  to  measure  more  accurately  the  intellectual 
capacity  and  social  adjustment  potential  of  mentally  retarded  and  severely 
physically  handicapped  cerebral  palsied  individuals. 

Methods  ^ployed s  Standardized  psychological  tests  that  are  at  all 
practical  are  used.  In  nearly  every   case  these  are  found  to  be  inade= 
quate  due  to  the  severe  physical  limitations  of  the  patient,  Attempts 
are  made  to  establish  conditioned  reflexes  utilizing  such  modalities  ©f 
perception  as  are  available  to  the  individual.  An  evaluation  of  audi- 
tory  acuity  is  attempted  in  each  case. 

Major  Findings s  The  "developmental  schedules"  of  Gesell  and  Cattell 
are  helpful  in  appraising  the  motor,  adaptive,  language,  and  social 
developmental  level  of  these  handicapped  patients |  however,  the  results 
are  frequently  unrealistic  when  one  compares  the  ages  of  the  patients 
with  the  ages  of  the  standardization  group  of  these  tests.  The  reli- 
ability of  the  results  obtained  with  these  tests  is  high,  but  the 
validity  is  probably  low  in  many  cases,  l^efects  in  vision  and/or 
hearing  preclude  normal  social  responsiveness j  hence,  protracted  ob-  ' 
servation  of  the  patient  is  a  necessary  adjunct  t®  evaluation.  There 
are  five  factors  obtained  by  observation  which  have  been  noted  previ" 
ously.  These  ares   (l)  How  long  does  it  take  the  patient  to  "adjust" 
to  the  new  surroundings'  (2)  How  much  interest  does  the  patient  show 
in  his  surroundings?  (3)  How  much  can  the  patient  be  taught?  ik)     D©®s 
the  patient  appear  to  differentiate  between  the  people  around  him  (dots 
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he  like  some  and  not  others)?  (5)  What  attempts  and  through  what 
modalities  does  he  attempt  to  communicate?  ^t  now  seems  clear  that  in 
patients  who  attempt  to  communicate  there  is  some  higher  level  of  inte- 
gration than  in  those  who  do  not.  It  also  seems  clear  that  in  pstients 
who  demonstrate  some  form  of  humor  there  is  a  higher  level  of  adjustment 
than  in  others. 

The  problem  of  the  "autistic"  child  remains  unsolved,  i^wever,  it 
does  seem  clear  thit  some  of  these  children  who  are  called  "autistic" 
are  withdrawn  because  of  difficulty  in  hearing,  seeing  or  interruption 
of  language,  rather  than  because  of  some  more  comple:;  prevention  or  ab- 
normality. 

Significance  to  the  Program  of  the  institutes   I'o  attempt  to  provide 
methods  of  evaluating  the  current  status  and  future  potential  of  severely- 
handicapped  children,  Studies  of  brain  function  as  measured  by  speech, 
motor  skills,  social  relstionships,  and  adaptibility  are  a  major  goal 
of  this  project,  and  as  such  are  closely  allied  to  the  research  of  this 
Institute  as  a  whole . 

Proposed  bourse  of  Project?  T©  see  if  a  relationship  exists  between 
the  psychological  findings  and  the  physical  findings,  and  to  continue 
to  refine  the  methods  used  to  evaluate  the  patients. 
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In  the  past  year  the  research  efforts  of  this  Branch  have  received 
an  extraordinary  and  continuing  impetus  from  the  appointment  of  Dr.  M,  G„r. 
Fuortes  as  Chief  of  the  Neurophysiology  Section.  In  addition  to  his 
excellent  basic  work  on  the  visual  apparatus  of  the  limulus,  the  merit 
of  which  is  so  modestly  described  in  the  report,  and — in  cooperation  with 
Dr.  Gouras — on  electrophysiological  studies  of  the  frog  retina,  workers 
in  other  laboratories  benefit  constantly  from  his  advice  and  his  coopera- 
tive critical  attitude.  His  laboratories,  now  most  efficiently  organized, 
are  in  my  opinion  the  very  nucleus  of  the  Branch  from  which  investigative 
work  of  highest  caliber  will  originate. 

The  scientific  output  of  the  laboratory  for  electroretinography 
still  shows  the  lasting  imprint  of  Dr.  Bornschein's  work  during  his 
assignment  to  the  Branch  in  1955-56.  Four  publications  reporting  on 
phases  of  his  and  his  associates '  work  appeared  in  1957  in  the  Archives 
of  Ophthalmology.  Dtr,  Bornschein's  closest  co-=-worker  in  the  Branch, 
Dr.  George  Goodman,  utilized  his  familiarity  with  the  basic  problem 
in  extensive  and  elaborate  physiological  testing  of  patients  with  a 
variety  of  retinal  disorders.  The  combination  of  electroretinography 
with  adaptometry  and  the  determination  of  thresholds  in  the  peripheral 
visual  field,  used  by  Dr.  Goodman  and  Dr.  Gunkel,  provide  means  to 
arrive  at  a  clinical  diagnosis  in  complex,  otherwise  undiagnosed 
disease  entities*  This  work  deserves  first  credit  among  the  group  of 
clinical  investigations  of  the  Branch,  The  opportunity  to  have 
patients  examined  by  an  array  of  new  tests  is  being  acknowledged  by 
various  ophthalmological  centers  (John  Hopkins,  Walter  Reed,  and  Navy 
Medical  Center),  and  many  patients  have  been  referred  in  the  past  year 
to  the  Institute  for  these  studies.  A  continuation  of  the  basic  work 
on  electroretinography  is  secured  by  Dr.  E.  Dodt's  joining  the  Branch 
as  a  Visiting  Scientist  and  by  the  interest  of  Dr.  R.  Copenhaver  in  the 
problem  which,  at  present,  centers  around  spectral  sensitivity  studies 
of  the  human  eye  by  means  of  electroretinography.  Dr.  Copenhaver  and 
Dr.  Gunkel  are  also  carrying  on  with  the  physiological  testing  of 
patients  with  diagnostic  problems.  Several  of  the  experimental  procedures 
used  in  these  examinations  are  made  possible  by  the  ingenious  design  or 
modification  of  testing  equipment  by  Dr„  Gunkel, 

The  second  major  project  of  the  Branch  deals  with  studies  on  the 
intraocular  pressure  and  comprises  several  new  approaches  for  gaining 
more  insight  into  this  function  and  its  pathology.  Dr.  Maori's 
investigations  on  the  elasticity  of  the  eye  and  on  the  inflow  and  outflow 
mechanism  have  resulted  in  providing  considerable  new  information.   It 
is  expected  that  this  knowledge  will  have  an  impact  on  the  clinical 
applicability  of  tests  employed  at  present  in  the  diagnostic  workup  of 
patients  with  glaucoma  or  patients  suspected  of  pathology  of  the  intra- 
ociilar  pressure.   Calculations  of  the  facility  of  outflow  of  the  aqueous 
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are  based  on  tonographic  readings  and  assume  that  the  rigidity  of  the 
eye  remains  constant  in  all  pressure  ranges.  Dr.,  Macri  has  shown  that 
the  rigidity  does  change  with  the  intraocular  pressure  and  that,  therefore, 
results  of  tonographic  measurements  have  to  be  reinterpreted  and  corrected. 
Estimation  of  the  aqueous  inflow  by  a  simple  technique,  as  described  by 
Dr„  Maori;,  will  greatly  facilitate  pharmacologic  studies  on  the  intraocular 
pressure.  The  result  of  this  original  work  is  most  commendable  as  it  may 
considerably  improve  the  rational  for  clinical  studies  on  glaucoma  patients. 

Indirectly  related  to  the  intraocular  pressure  problem  are  Dr.  Maori's 
elegant  studies  on  the  effect  of  various  tjrpes  of  muscle  relaxants  on  the 
extraocular  eye  muscles.  They  provide  confirmative  proof  of  the  difference 
between  responses  of  extraocular  striate  and  somatic  muscles  to  pharmacologic 
agents  of  this  group.  From  a  practical  viewpoint  he  concluded  that  muscle 
relaxants  usually  employed  in  general  anesthesia  may  lead  to  complications 
in  certain  types  of  intraocular  surgery. 

In  the  same  section,  the  work  on  nervous  influences  on  the  intra-- 
ocular  pressure  is  continued  by  several  investigators  and  a  search  has 
begun  for  afferent  pressure-induced  signals  and  intraocular  pressure 
receptors.  Data  on  about  twenty  percent  of  the  experimental  animals 
(eats  and  monkeys)  furnish  evidence  of  the  existence  of  slow  adapting 
pressure  receptors  in  the  eye.  Electric  signals  led  off  from  ciliary 
nerves  demonstrate  increased  impulse  frequency  when  the  intraocular 
pressure  of  a  physiologic  level  is  raised  by  a  few  millimeters.  It  is 
obvious  first, that  these  results  add  considerably  to  the  concept  of  a 
nervous  regulating  mechanism  of  the  intraocular  pressure  and  thus  are  of 
great  clinical  interest  and  second,  that  further  work  is  necessary  to 
demonstrate  quantitatively  the  dependence  of  the  intraocular  pressure  on 
nervous  regulations  in  health  and  disease. 

Connected  with  the  same  problem  are  the  continued  studies  on 
innervation  of  the  anterior  chamber  angle  by  Holland  and  co=workers. 
It  is  not  unlikely  that  some  of  the  intraocular  pressure  receptors  are 
indeed  represented  by  the  arborizing  axons  terminating  in  the  structures 
of  the  angle  which  have  been  shown  in  a  recent  study  by  Dr,  Holland  to 
stem  from  at  least  three  sources?  the  sympathetic  and  parasympathetic 
divisions  of  the  autonomic  nervous  systan  and  the  fifth  cranial  nerve^ 

In  the  laboratories  for  histology,  the  number  of  pathologic 
specimens  has  increased,  and  unusual  eases  have  been  studied  and  reported. 
The  material  was  obtained  from  patients  admitted  to  the  Branch  or  from 
autopsies.  The  pathology  of  sickle  cell  retinopathy  could  be  described 
for  the  first  time,  and  interesting  tumor  eases  were  studied  in  coop®ra=- 
tion  with  Dr,  Louis  B,  Thomas  of  the  Surgieal  Pathology  and  Post  Mortem 
Service  of  the  National  Caneer  Institute.  The  main  efforts  of  thes# 
laboratories,  however,  deal  with  the  continuation  of  work  on  experimental 
cataract.  Two  additional  tjrpes  of  cataract  have  been  examined  in  a 
systematic  manner.  The  eataractogenie  agents  were  alloxan  and  mimosine. 
In  the  latter  the  lens  epithelium  is  primarily  involved  and  found  to 
react  with  proliferation  to  a  most  unusual  extent.   The  interpretation 
of  alloxan  cataract  was  revised  on  a  histologic  basis  with  the  use  of 
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new  technical  procedures.  It  seems  that  information  obtainable  with  the 
light  microscope  has  approached  a  final  state  and  that  new  techniques 
have  to  be  employed  to  learn  more  about  cataractogenesis  on  a  morphological 
basis o  To  this  end  a  tissue  culture  laboratory  has  been  organized  in  part, 
and  work  has  begun  with  emphasis  of  growth  characteristics  of  lens  explants 
from  chick  and  rat.  Dr.  Aronson,  with  the  help  of  Mr,  Caravaggio,  devotes 
much  time  to  applying  phase  contrast  microscopy  and  various  tissue  culture 
methods  to  the  material  available. 

Whereas  the  tissue  culture  work  is  still  in  a  very  early  state, 
the  electron  microscope  studies  on  tissue  elements  of  the  lens  by  Dr.  T, 
Wanko  can  be  classified  as  a  major  accomplishment.  It  is  the  first  time 
that  the  ultrastructures  of  the  lens  epithelium  and  capsule  have  been 
shown  with  a  reliable  technique,  and  have  been  interpreted  expertly. 
Dr„  Wanko  extends  electron  microscopic  studies  to  other  material  such  as 
ciliary  body,  and,  in  cooperation  with  Dr,  G.  Greenfield,  to  the  optic  nerve 
and  to  muscle  biopsies.  He  describes  some  early  results. 

Studies  carried  out  by  Dr.  R.  Resnik  and  Dr.  R.  Kuhlman  in  the 
Chemistry  Section  are  also  connected  with  lens  problems.  On  the  basic 
level,  Dr,  Resnik  has  beautifully  demonstrated  the  physicochemical 
characteristics  of  alpha  crystallin  which  he  had  obtained  in  a  preparation 
of  high  purity.   The  results  of  this  work  appear  to  me  outstanding  when 
compared  with  other  protein  studies  of  the  lens,  Dr,  Kuhlman  has  intro- 
duced 0,  H„  Lovrry's  technique  for  microchemical  analysis  of  various 
enzyme  activities  on  minute  parts  of  tissue,  Drs,  Kuhlman  and  Resnik 
select  the  lens  and  cornea  as  particularly  suitable  tissue  for  this  work, 
and  interesting  observations  comprise  data  on  developmental  biochemistry 
of  the  eye  and  on  radiation  injury  of  the  cornea.  Although  some  of  the 
results  are  difficult  to  interpret  at  the  present  time,  the  continuation 
of  this  work  appears  to  hold  great  promise  for  providing  information 
on  enzyme  activities  and  their  interaction  in  minimal  quantities  of 
normal  ahd  pathologic  eye  tissues. 

The  attempts  to  appoint  a  section  chief  for  microbiology  so  far 
have  not  met  with  success  ,  The  quality  of  work  carried  out  in  this 
laboratory  by  Dt.  O'Connor  and  Dr.  Tanaka  in  the  past,  and  now  by  Dr, 
Kaufman,  has  been  achieved  by  the  cooperation  of  the  virus  and  toxoplasma 
laboratories  of  the  National  Institutes  of  Allergy  and  Infectious  Disea^ses, 
and  the  great  help  on  the  part  of  Dr.  Huebner,  Dr,  Rowe,  and  Dr.  Jacobs 
is  fully  appreciated.  However,  the  talent  and  the  dedication  of  the  two 
investigators  to  their  studies  do  not  play  a  small  part  in  their  respective 
accomplishments.  Dr,  O'Connor's  use  of  the  agar  diffusion  test  on  aqueous 
humor  samples— applied  by  Dr.  Tanaka  to  virus  studies—must  be  considered 
a  valuable  contribution  in  the  field  of  uveitis  differential  diagnosis. 
Also,  it  brought  into  focus  new  questions  which  await  attack  by  refined 
techniques. 

The  laboratory  studies  of  Dr.  O'Connor  on  toxoplasma  precipitating 
antibodies  are  clearly  linked  to  the  major  project  in  the  area  of  clinical 
investigations!  that  is,  to  uveitis  etiology.  His  published  reports  have 


attracted  attention  of  the  profession  so  that  the  majority  of  patients 
referred  to  the  Branch  are  cases  of  uveitis  of  possible  toxoplasma 
etiology „  Dr.,  O'Rourke  has  introduced  an  uveitis  file  system  which  will 
permit  analysis  of  the  clinical  course  and  the  incidence  of  relapses,  in 
connection  with  diagnostic  and  therapeutic  procedures.  Dr„  O'Rourke  has 
directed  his  endeavors  to  the  evaluation  of  the  hormonal  state  of  uveitis 
patients p  particularly  of  their  thyroid  function.   Statistical  evaluations 
of  the  results  have  not  been  completed,  but  the  data  on  total  serum 
cholesterol  levels,  on  the  basal  rates  of  metabolism, and  possibly  those  on 
radiothyroxine  disappearance  rates  in  the  plasma  suggest  that  an  imbalance 
of  the  thyroid  function  is  encountered  in  a  high  percentage  of  patients 
with  uveitis, 

Dr,  O'Rourke  has  also  continued  his  work  on  the  radioisotope  uptake 
by  intraocular  tumors 5  especially  by  malignant  melanomas.   In  the  clinical 
field,  radiophosphorus  studies  might  render  valuable  information  when 
applied  to  the  exposed  sclera  of  the  posterior  part  of  the  globe,  providing 
the  lesion  involves  the  posterior  segment.  Dr.  O^Rourke's  laboratory 
studies  on  S=91  Cloudman  melanoma  of  mice  show  a  greater  uptake  of  Zn^-' 
and  1^31  than  of  p32„  The  nature  of  the  emissions  of  radiozinc  and  radi0"= 
iodine,  however,  makes  them  at  present  unsuitable  for  diagnostic  procedures 
on  the  human  eye. 

The  information  obtained  by  physiological  testing  of  patients  with 
various  forms  of  retinal  disorders  has  been  mentioned  before,  but  it 
should  be  repeated  that  this  work  represents,  in  my  opinion,  the  most 
rewarding  project  in  a  clinical  sense.  Finally,  in  the  field  of  clinical 
investigations  studies  on  patients  with  sickle  cell  disease  and  retin- 
opathies allowed  to  define  a  symptomatology  which  appears  important  for 
the  differential  diagnosis  of  sickle  cell  retinopathy  from  other  types 
of  retinitis  proliferans. 

It  can  be  said  that  in  the  past  year  the  research  endeavors  have 
been  consolidated  mainly  by  the  scientific  stature  of  the  visiting 
scientists,  the  section  and  laboratory  chiefs,  and  by  the  moment  of 
continuity  of  research  in  certain  areas,  provided  by  the  permanent 
appointment  of  the  main  investigators  as  well  as  their  most  devoted 
technical  assistants.  Nevertheless  the  activity  of  junior  investigators 
has  greatly  contributed  to  the  total  effort,  as  these  men  have  proved 
to  be  unusually  interested,  capable,  and  honest.  The  termination  of  the 
assignments  this  summer  of  Dr.  O'Connor,  Dr.  Goodman,  and  Dr.  Holland 
has  been  felt  as  a  loss.  In  the  calendar  year  1957,  fourteen  papers  have 
been  published  or  are  in  press.  In  a  modest  way  this  contribution  should 
add  to  the  reputation  of  the  work  carried  out  in  this  Institute,  even  if 
it  represents  only  a  small  fraction  of  the  total  output.  The  continuous 
understanding  and  help  from  all  administrative  levels  and  the  faithful 
support  from  the  technical  and  secretarial  staff  has  been  a  factor  of 
great  importance  in  achieving  whatever  has  been  achieved  in  this  year. 


Ludwig  von  Sallmann,  M,  D. 
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Project  Title;  Studies  on  Central  Nervous  System  Control  of  Intraocular 
Pressure 
(Studies  on  Pressure  Receptors  in  the  Eye) 

Principal  Investigators ;  Ludwi|feVon  Sallmann,  M.D. 

Frank  a"".  Macri,  Ph.D. 
Michaelangelo  G.  F.  Fuortes,  M.D. 

Other  Investigators!  Patricia  Grimes,  B.A. 

Cooperating  Units;  None 

Man  Years  (calendar  year  1957) J        Patient  Days? 
Total:  .50  ^ 

Professional s  .  50 
Others  .50 

Pro.iect  Description; 

Objectives  s  The  existence  of  efferent  pathways  originating 
from  or  passing  through  the  diencephalon  which,  upon  electric  stim= 
ulation  cause  isolated  eye  pressure  responses,  has  been  demonstrated 
in  previous  studies  and  recently  confirmed  by  workers  in  the  Institute 
of  Ophthalmology  in  London.  The  present  work  deals  with  the  search 
for  afferent  pathways  and  intraocular  pressure  receptors.  The  presence 
of  such  nervous  elements  would  strengthen  the  concept  of  a  regulating 
role  of  a  nervous  mechanism  on  the  intraocular  pressure. 

Methods ;  The  experiments  were  carried  out  on  cats  and  a  small 
series  of  Rhesus  monkeys.  Action  potentials  were  led  off  from  ciliary 
nerves  after  exposure  of  the  posterior  pole  of  the  globe  in  its  super-, 
otemporal  aspects  by  a  modified  Kroenlein  procedure.  The  ciliary 
nerves,  long  and  short  branches,  were  cautiously  isolated  after  they 
had  been  separated  from  the  attachment  to  the  sheaths  of  the  optic 
nerve.  The  nerves  were  then  cut  cephalad  and  placed  on  fine  silver 
wire  electrodes.  In  several  instances  thicker  branches  were  reduced 
to  smaller  bundles.  The  electrodes  were  connected  through  a  Grass 
resistance  coupled  amplifier  to  a  dual  beam  oscilloscope  with  loud 
speaker.  Photographic  records  were  made  with  the  Grass  camera.  Prior 
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to  the  examination  of  spontaneous  electric  activity  of  the  nerves  two 
27-gauge  needles  were  inserted  in  the  anterior  chamber  at  the  limbus 
and  placed  there  parallel  to  each  other  and  to  the  iris.   The  needles 
had  been  fixed  to  the  ends  of  fine  polyethylene  tubings  and  the  system 
filled  with  saline.   One  needle  was  connected  by  the  tubing  to  a 
Statham  transducer  to  write  the  intraocular  pressure  changes  con- 
tinuously on  a  Sanborn  recording  unit.   The  second  needle  and  tube 
served  for  the  injection  of  micro  volumes  of  saline  into  the  anterior 
chamber  and  the  v/ithdrawal  of  small  quantities  in  order  to  increase 
or  decrease  the  intraocular  pressure. 

Ma.jor  Findings:   In  about  a' fifth  of  the  40  experiments  on  cats 
and  six  on  monkeys  the  pattern  of  spontaneous  activity  led  off  from 
ciliary  nerves  was  altered  by  trains  of  afferent  signals  when  the 
intraocular  pressure  was  raised,  sometimes  by  small  increases  at  low 
pressure  ranges  and  sometimes  only  by  considerable  pressure  incre- 
ments. The  afferent  impulses  which  signify  spontaneous  activity 
followed  each  other  at  fairly  regular  frequency,  increased  in 
frequency  upon  induced  rises  of  the  lOP  with  the  high  rate  of  firing 
sustained  at  the  high  pressure  level.  By  letting  the  TOP  rapidly 
fall  to  subnormal  values  the  spontaneous  activity  ceased  and  re- 
appeared after  latency  periods  of  varying  lengths.   In  general  the 
frequency  seemed  dependent  on  the  height  of  the  pressure  increase. 
There  is  suggestive  evidence,  then,  that  the  rises  of  the  intra- 
ocular pressure  as  well  as  a  continued  increase  of  the  lOP  produce 
volleys  of  afferent  signals.   This  pressure  induced  activity  could 
be  demonstrated  by  placing  the  electrodes  on  several  or  all  tested 
ciliary  nerves;  i.e.,  on  long  and  short  ciliary  nerves.   (Anatomical 
studies  on  these  preparations  indicated  complex  anastomosis  of  all 
ciliary  nerves  in  the  examined  specimens  and  failed  to  identify  long 
ciliary  nerves  v/hich  did  not  originate  in  the  ciliary  ganglion.) 
Responses  to  touch  could  be  elicited  with  greater  regularity  than 
those  produced  by  lOP  changes,  particularly  by  stimuli  at  the 
limbal  area.   These  bursts  of  impulses  were  not  sustained,  hov/ever, 
as  they  showed  marked  degree  of  adaptation. 

The  quantitative  evaluation  of  electric  responses  to  lOP  changes 
could  not  be  pursued,  partly  because  of  the  great  difference  of  the 
sensitivity  from  one  preparation  to  the  next  and  the  loss  of  activity 
with  time,  partly  in  view  of  the  fact  that  for  unknovm  reasons  many 
apparently  healthy  preparations  either  did  not  exhibit  spontaneous 
activity  or  did  not  respond  to  pressure  changes  or  touch  or  to  both 
types  of  stimuli.   It  can  be  said,  then,  that  in  rbout  20%  of  the 
experiments  electric  responses  to  lOP  rises  could  be  led  off  from 
ciliary  nerves.   These  receptors  suggested  the  presence  of  slowly 
adapting  receptors  and  afferent  signals  conducted  by  various  types 
of  ciliary  nerves. 

Significance  to  Program  of  Institute:   The  previously  described 
and  confirmed  isolated  responses  of  lOP  to  electric  stimulation  in 
the  diencephalon  point  to  a  role  of  the  diencephalon  in  maintaining 
the  intraocular  pressure  end  the  existence  of  efferent  impulses.   The 
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demonstration  of  afferent  pathways  which  conduct  signals  induced  by 
TOP  changes  further  favors  the  concept  that  a  nervous  controlling 
mechanism  for  the  intraocular  pressure  is  operative.  The  implications 
of  these  findings  open  new  avenues  for  studying  the  glaucoma  problem. 

Proposed  Course ;  It  is  planned  to  refine  the  technique  and 
repeat  the  experiments  with  the  aim  to  quantitate  the  afferent  signals 
according  to  pressure  increments.  Also  to  differentiate  more  sharply 
between  touch  and  pressure  receptors  and  possible  to  locate  the  latter. 


Part  B  included        Yes   /  /      No  Ijj 
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Part  A. 


Project  Title:   Studies  on  Diet  and  Drug  Induced  Expeirimental 
Cataract 


Principal  Investigator:   Ludwig  von  Sallmann,  M.D. 

Other  Investigators:  Leo  Caravaggio,  M.S.;  Eleanor  M.  Collins; 
and  Patricia  Grimes,  B.A. 


Cooperating  Units: 


Man  Years  (calendar  year  1957):  Patient  Days:   166 

Total:  .05 

Professional:  .05  Outpatient  Visits:  34 

Other:  .05 


Project  Description: 

Obiectives:  Data  were  accumulated  on  two  types  of  experi- 
mental cataract  not  studied  in  the  previously  reported  work, 
with  the  purpose  to  seek  the  relative  role  the  epithelium  and 
fiber  damage  plays  in  the  development  of  lens  opacities.   The 
sequence  of  events  in  the  development  of  these  not  sufficiently 
known  forms  of  cataract  was  compared  with  those  described  be- 
fore in  order  to  arrive  at  a  reasonable  concept  of  the  patho- 
genesis of  the  individual  lesion.  Alloxan  and  mimosine  were 
employed  as  cataractogenic  agents  in  this  part  of  the  work. 

Methods  Employed: 

Alloxan:  Litters  of  Sprague-Dawley  rats  received 
alloxan  injections  according  to  the  method  of  Klebanoff  and 
Greenbaum.   Blood  sugar  levels  were  determined  by  heart 
puncture  (technique  of  Nelson  and  Sologye)  at  weekly  inter- 
vals.  Biomicroscopic  examinations  were  carried  out  regularly 
and  the  experiments  terminated  7,  12,  21,  28  and  35  days 
after  injection.   The  eyes  were  prepared  for  cytological 
examination  on  whole  mounts  of  the  lens  epithelium  following 
the  Feulgen  Reaction.   The  lenses  were  examined  under  the 
dissecting  microscope  prior  and  subsequent  to  the  removal  of 
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the  lens  capsule  with  epithelium  from  the  lens  body.  Routine  histo- 
logic techniques  were  applied  to  the  second  eye  of  each  experimental 
animal . 

Mimosine;  Mimosine  is  a  compound  which  was  isolated 
from  a  leguminous  plant  Leucaena  Glauca.  Dr.  Ruth  Kielley 
studied  the  toxicity  of  the  compound  in  feeding  experiments  of 
young  rats  and  observed  retardation  of  growth,  shedding  of  hair 
leading  to  alopecia  and,  in  some  instances,  cataract  formation. 
The  nature  of  this  cataract  has  remained  unexplored  to  date. 
The  mimosine  used  in  the  present  study  was  extracted  from  koa 
haole,  prepared  in  crystallin  form  by  Dr.  Ruth  Kielley,  NCI. 
Five  grams  of  the  compound  per  kilogram  were  added  to  the  feed. 
Animals  were  killed  after  having  been  on  the  diet  for  four  days 
and  one,  two  and  three  weeks.  Biomicroscopic,  cytologic  and 
histologic  examinations  were  employed  in  a  routine  manner. 

Major  Findings; 

Alloxan.  Histologic  changes  in  early  stages  were 
limited  to  the  anterior  cortical  layer  and  consisted  at  the 
very  onset  of  hydropic  swelling  of  lens  fibers  with  subsequent 
disintegration  of  the  cytoplasm  and  proliferation  of  the  epi- 
thelium. Focal  and  patchy  arrangement  of  proliferated  and 
degenerated  epithelial  cells  and  unidirectional  migration  of 
bow  nuclei  distinguished  these  cataract  from  the  otherwise 
similar  galactose  induced  lens  damage.   It  is  of  interest 
that  the  degenerative  area  does  not  lose  its  capacity  to  form 
new  healthy  lens  fibers  despite  the  severe  damage  to  neigh- 
boring structures  in  the  bow  area.   Superficial  Y-shaped  and 
triangular  opacities  in  early  lens  lesions  are  caused  by 
piling  up  of  lens  epithelial  cells.   The  activity  of  the  bow 
nuclei  and  their  advancement  toward  the  anterior  pole  as  well 
as  surface  epithelial  proliferation  which  followed  promptly 
or  coincided  with  the  development  of  fiber  hydrops  might 
indicate  a  protective  function  of  the  epithelial  changes. 
It  cannot  be  excluded,  however,  that  the  two  forms  of  tissue 
injury  are  coordinated  rather  than  causatively  connected. 

Mimosine.  Feeding  young  rats  on  a  diet  containing 
a  half  percent  mimosine  resulted,  within  three  to  five  days, 
in  the  development  of  corneal  edema  or  bullous  keratopathy 
and  iris  hyperemia,  sometimes  combined  with  hemorrhages  in 
the  posterior  segment  of  the  eye.   Fine  lens  opacities  be- 
come visible  when  the  animal  has  been  on  the  diet  from  5  to 
7  days  and,  with  the  diet  continued,  progressed  in  the  sub- 
sequent periods  of  observation.   The  experiments  were  ter- 
minated after  three  weeks,  i.e.,  before  the  loss  of  hair 
occurred.   The  experimental  animals  did  not  show  weight 
gain.  Histologically  an  unusual  series  of  events  was  noted. 
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At  the  three  to  five  day  interval  the  coimea  showed  proliferation 
of  the  epithelium,  particularly  at  the  periphery,  partial  separa- 
tion of  the  epithelium  from  the  underlying  stroma  by  protein  con- 
taining fluid  and  occasionally  invasion  of  the  stroma  by  inflam- 
matory cells.  These  lesions  disappeared  despite  continuation  of 
the  treatment  within  a  few  days.   The  outstanding  findings  in  the 
lens  centered,  at  the  earliest  stage,  around  the  germinative 
cells  at  the  equator.   Hydropic  swelling  of  the  cytoplasm  of 
these  cells  was  followed  by  massive  proliferation  of  the  epi- 
thelial cells  bulging  into  the  lens  cortex  like  neoplastic  cells. 
Similar  circumscribed  knobs  of  proliferated  cells  also  occurred 
near  the  anterior  pole.  These  changes  later  gave  way  to  de- 
generative changes,  vacuolation  and  formation  of  cystic  spaces, 
together  with  hydropic  swelling  and  destruction  of  fibers.   In 
contrast  to  the  alloxan  induced  opacities,  the  damage  involved 
initially  the  equatorial  cells  of  the  surface  epithelium.  The 
cataract  process  spread  from  here  into  the  anterior  and  later 
the  posterior  cortex. 

Significance  to  Program  of  Institute;  Little  is  known 
of  the  pathogenesis  of  cataract  in  man  other  than  the  senile 
type.  The  studies  on  alloxan  cataract  may  help  to  elucidate 
the  problem  of  diabetic  cataract,  and  the  mimosine  induced 
lens  damage  may  throw  some  light  on  the  development  of  the  so- 
called  complicated  cataract  of  the  human. 

Proposed  Course  of  Project;   The  morphological  studies 
carried  out  on  these  problems  have  been  limited  in  the  past 
to  the  use  of  the  light  microscope  and  to  the  biomicroscope. 
It  is  planned  to  expand  the  work  to  the  study  of  submicro- 
scopic  structural  changes  by  using  phase  microscopy  and 
electron  microscopy  and  to  microchemical  studies  in  other 
laboratories  of  the  Branch. 


Part  B  included  Yes  /^/  No  /_/ 
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Part  B.  Honors,  Awards  and  Publications 
Publications  other  than  abstracts  from  this  project; 

von  Sallmann,  L. ;  Caravaggio,  L. ;  Grimes,  P.;  and  Collins,  E., 
Morphological  Study  on  Alloxan  Induced  Cataract,  A.M.A.  Archives  of 
Ophthalmology,  (in  press). 

Honors  and  Awards  relating  to  this  project:      Hone 
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Part  A. 


Project  Title;   Study  on  the  Pharmacodyraamics  of  Various 
Agents  Affecting  Intraocular  Pressure 


Principal  Investigator:   Frank  J.  Macri,  Ph.D. 

Other  Investigators:   Ludwig  von  Sallmann,  M.D.  and 
Patricia  Grimes,  B.A, 


Cooperating  Units:    None 


Man  Years  (calendar  year  19  57) 
Total:  .05 
Professional:  ,05 
Other:  .05 


Patient  Days:   144 
Outpatient  Visits:  117 


Project  Description: 

Objectives:   To  test  various  drugs  including  the  newer 
ataraxics  as  well  as  older  compounds  for  their  ability  to  in- 
fluence intraocular  pressure.   It  is  felt  that  this  approach 
may  contribute  to  a  more  rational  medical  treatment  of  patients 
with  glaucoma.   The  results  of  this  investigation  may  also  shed 
some  light  on  the  mechanisms  by  which  the  intraocular  pressure 
is  maintained. 

Methods  Employed:   The  bilateral ity  of  eye  pressure  changes 
influenced  by  eiaotions  and  drug  administration,  as  well  as 
normal  diurnal  variations,  points  to  a  neasrovascular  factor  or 
factors  in  the  regulation  of  intraocular  pressure.   Eye  pressure 
is  also  dependent  cm  changes  occurring  elsewhere  in  the  body; 
i.e.,  heart  minute  volume,  vascular  tonus,  etc.   For  these 
reasons  sjmchronous  recordings  of  variables  which  have  an  effect 
on  intraocular  pressure,  together  with  eye  pressure  manometry, 
offer  a  new  approach  to  the  study  of  the  glaucoma  problem  on  a 
rational  basis.   It  is  possible  to  compare  the  effects  of  drugs 
on  the  intraocular  pressure  of  both  eyes,  the  intra-arterial 
and  intravenous  pressure,  temperature  in  the  anterior  uvea, 
and  the  behavior  pattern  of  the  pericoraeal  terminal  vasculature, 
as  well  as  pupils  and  nictitating  membranes.   Activity  of  extra- 
ocular striated  muscles  can  be  determined  eiectromyographically. 
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A  method  has  been  developed  which  allows  for  the  measure- 
ment of  aqueous  inflow  and  outflow.   The  procedure  requires 
the  determination  of  a  volume-pressure  relationship  for  the  eye 
being  tested.   This  is  doae  by  imcreasing  the  iatraocular  volume 
by  known  amounts  of  fluid  and  simultaneously  recording  the  abso- 
lute pressure  within  the  eye.   In  this  manner  a  curve  can  be 
made  to  relate  volume  changes  to  pressure  changes.   The  pressure 
in  the  eye  is  elevated  to  approximately  80  mm  Hg  by  means  of  an 
anterior  chamber  infusion.   Then  the  pressure  is  allowed  to  fall 
while  being  continuously  recorded. 

The  pressure  changes  are  converted  to  volume  changes  per 
unit  time  and  plotted  versus  the  mean  imtraocular  pressure  for 
that  time  interval.   In  this  manner  a  straight  liae  is  usually 
obtained,  the  slope  of  which  indicates  the  facility  of  outflow. 
The  point  of  imtercept.of  this  line  with  the  X  (pressure)  axis 
indicates  the  equilibrium  state  at  which  inflow  and  outflow  of 
aqueous  humor  are  equal.  A  shift  of  the  point  of  intercept  in 
the  pressure  axis  without  signs  of  facility  of  outflow  can  be 
ascribed  to  variations  of  inflow.   The  pressure  changes  noted 
can  be  converted  to  terms  of  volume  by  referral  to  the  pressure- 
volume  curve. 

Patient  Material;   Patients  with  various  types  of  glaucoma 
admitted  on  this  project  were  treated  usually  with  local  medi- 
cations in  most  instances  in  combination  with  systemic  adminis- 
tration of  Diamox.   The  eye  pressure  of  these  patients  was 
controlled  by  these  means.   So  far  the  use  of  centrally  active 
drugs  has  not  been  warranted. 

Major  Findings;   The  facilities  of  outflow  for  the  living 
and  enucleated  cat  eye  and  for  enucleated  human  eyes  have  been 
determined  by  the  method  described  above.   Data  obtained  from 
human  eyes  agree  well  with  those  reported  in  the  literature, 
which  were  based  on  other,  indirect  techniques.   The  results 
of  experiments  in  the  cat  indicate  that  the  facility  of  outflow 
in  this  species  is  the  same  as  in  the  human.   This  is  in  con- 
trast to  values  reported  in  the  literature  in  which  the  facility 
of  outflow  is  stated  to  be  four  times  that  of  the  human. 

In  the  tonographic  method  for  the  clinical  measurement  of 
facility  of  outflow  an  electronic  tonometer  is  generally  em- 
ployed which  continuously  records  corneal  indentation.   By  the 
use  of  an  appropriate  table,  the  tonometric  readings  can  be 
converted  to  pressure  units.   The  tonometer  is  generally  placed 
on  the  eye  for  a  period  of  4  minutes.  During  this  period,  a 
fall  of  intraocular  pressure  occurs  which  is  ascribed  to  a  de- 
crease of  the  intraocular  volume  due  to  the  increased  outflow 
brought  about  by  the  weight  of  the  tonometer.   The  pressure 
fall  is  converted  to  volume  by  the  use  of  the  formula  of 
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log  P2  ~  log  Pi 
Friedenwald:   V=  ^ ,  P2  and  P]^  being  final  and  initial 

"open  stopcock"  pressures  respectively  over  this  time  interval. 

K  (rigidity)  was  reported  in  1937  to  be  a  constant  at  pressures 

above  5  mm  Hg.  No  agreemeffit  in  volume  changes  was  observed  when 

results  obtained  by  Friedenwald 's  method  of  calculation  and  those 

obtained  by  our  method  -  as  described  in  the  techniqiaa  -  were 

compared.  This  discrepancy  necessitated  the  redetermination  of 

the  constant  K,  which  was  done  for  both  the  human  and  cat  eye. 

K  was  found  not  to  be  a  constant  but  varied  continuously  with 

the  intraocular  pressure.   The  discrepancy  in  the  value  of  K 

was  sufficient  to  explain  the  lack  of  correlation  in  these  two 

methods  for  the  determination  of  volume  changes.   Volume  changes 

in  tonography  are,  in  part,  determined  by  the  above,  equation 

which  assumes  K  to  be  constant  and  therefore  accuracy  of  results 

based  on  this  procedure  must  be  questioned. 

It  is  suggested  that  a  modification  of  the  Bulk  Modulus  be 
used  to  indicate  rigidity  which  is  in  line  with  the  physical 
principles  generally  used  to  express  elasticity.   The  Bulk 

Modulus  is  usually  expressed  as  K  =  Z^K.   and  signifies  the  elas- 

dV 
ticity  of  a  body  when  pressures  are  exerted  equally  over  all 
sides.   The  volume  of  the  eye  (human  and  cat  are  approximately 
5000  cu/mm)  is,  percentagewise,  affected  very  little  by  volume 
changes  of  the  order  of  100  eu/mm  (which  is  sufficient  to  in- 
crease the  intraocular  pressure  from  about  15  mm  Hg  to  100  mm 
Hg)  such  that  this  variable  might  be  considered  a  constant  and 
■  incorporated  into  K,   The  equation  would  now  be  E  =  -^  which, 

when  integrated,  would  be  E  =  1°  1  .   E,  in  the  cat,  was  found 

V2-V1 
to  be  constant  at  eye  pressures  greater  than  35  mm  Hg.   In  the 
human,  E  was  found  to  vary  contin&aously,  increasing  as  the  intra- 
ocular pressure  was  increased. 

Significance  to  Program  of  Institute:   The  demonstration 
of  the  variable  nature  of  K  with  pressure  requires  re -examination 
of  the  tonometric  and  tonographie  records  of  patients  with  so- 
called  "low  pressure"  glaucoma.   It  is  anticipated  that  the 
diagnosis  and  treatment  in  these  and  other  patients  with  glau- 
coma will  have  to  be  modified. 

Proposed  Course  of  Project:   A  procedure  has  now  been 
developed  which  will  allow  determinations  cf  both  inflow  and 
outflow  of  the  eye,  processes  which  influence  the  intraocular 
pressure.   It  is  planned  to  restudy  pharmacologic  agents  which 
have  proven  effective  in  certain  cases  of  glaucoma  to  ascertain 
the  correctness  of  the  postulations  for  their  mechanisms  of  action. 
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Central  nervous  system  depressant  drugs  as  well  as  the  tranquil- 
izers will  also  be  tested  to  determine  if  these  classes  of  com- 
poonds  affect  the  eye  pressure  regulating  mechanisms. 


I 
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Part  B:   Honors,  Awards,  and  Publications 
Publications  other  than  abstracts  from  this  project: 


Macri,  F.J.;  Wanko,  T. ;  Grimes,  P.;  and  Sallmann,  L.v. 

The  Elasticity  of  the  Eye,  A.M. A,  Archives  of  Ophthalmology, 

58:513-519,  1957. 


Honors  and  Awards  relating  to  this  project:   None 
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1.  Ophthalmology  Branch 

2,  Pharmacology  Section 

3.  Betbesdas  Maryland 

4,  Same  as  NINDB=10(c) 


Part  A. 


Pro.i eet_TitI_© ;  Effects  of  MiBScl©  RelaKsats  oa 
Extraocular  Stfiat©  Mascles. 


Principal  Iffive3jtiga_tor;   Fraak  J.  Macrij,  Ph.D. 
Other  Investigators;     Patricia  Grimes,  B.A. 


Man  Years  (calessidar  year 
Total:  .05 

Professional:  ,05 
Other:  ,05 


Pat 


Qb.1®c£i-ii?es;   To  determiae:  the  effects  of  the  extraocular 
striate  mascles  oa  the  mechanisms  affecting  the  iatraoctslar 
pressure;   the  modification  of  these  responses  by  pharmacologic 
agents. 

Methods  Employed;  Anesthetized  or  decerebrate  cats  are 
used  in  all  experiments.   Facilities  for  the  simultaneoias  re- 
cording of  lOPs  mwscle  tensioaij,  and  electromyograms'  are  cusrrently 
available  to  ns.   The  inferior  obliqtie  muscle  was  selected  for 
study  because  of  ready  accessibility  of  both  muscle  and  motor 
nerve.   Bipolar  wire  electrodes  arg  (ssed  for  electromyograms. 
A  Grass  strain  gauge  connected  to  a  carrier  prs-amplifier 
measures  muscle  tensioa  changes  with  sufficient  accuracy  for 
our  purposes.  Muscle  tension  changeSj,  together  with  the  EMG'Sj 
are  recorded  by  a  movie  camera  frosa  oscilloscopic  tracings^  By 
means  of  a  pr-spar  diode ^  resistor  and  condeasetj,  the  electrical 
responses  of  the   muscle  can  be  integrated  ss  to  frequency  and 
magnitude  and  .recorded  on  a  four-chaaael  stylus  recorder.   The 


'traocular  P?.  n': 
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muscle  tension  is  also  traced  on  this  imstrument,  together  with  lOP 
and  BP.   Thus,  one  can  determine  the  time  sequences  of  the  events 
that  occur  as  well  as  the  changes  in  these  variables. 

Major  Findings;   It  was  reported  last  year  that  both  S5aieciiiiyl= 
choline  and  decamethoniwn  increase  £fee  intraoetsslar  pressure  by 
inducing  a  contractioa  of  the  esEtraociBilar  muscles .  Low  doses  of 
these  con5>otmds  were  foarnd  to  caase  a  tetanic  contraction  and 
larger  doses  a  contracture  of  the  muscles. 

More  recent  experiments  have  shown  that  these  agents  not 
only  increase  the  intraocular  pressure  but  also  affect  the  elas= 
ticity  of  the  eye.   This  latter  action  is  mediated  throcgii  muscle 
activity,  since  similar  responses  were  elicited  by  means  of  third 
nerve  .stimailation  and  rigor  mortis  of  the  eye  muscles.  When 
rigidity  of  the  eye  is  correlated  with  the  intraocular  pressure 
it  is  found,  in  control  eyes,  that  the  rigidity  continuously  in- 
creases with  increasing  lOP.   In  the  cat  eye  the  rigidity  becomes 
constant  at  pressures  above  35  mm  Hg„   In  the  human  eye  constancy 
of  rigidity  is  not  obtained  and  progressively  increases  up  to 
pressures  of  90  mm  Hg.,  the  highest  level  tested.   The  rigidity 
described  above  is  calculated  by  means  of  the  Bulk  Modulus 
(modified) ,  the  formula  of  which  is  E  s  P2-PI  (£  -  rigidity, 

AV 
P2  -  final  pressure,  ?i   -  initial  pressure,  AV  =  volume  change). 

Extraocular  muscle  contraction  causes  a  shift  in  the  pressure- 
rigidity  corves,  such  that  the  eye  responds  at  higher  pressure 
in  a  manner  similar  to  that  obtained  in  control  eyes  at  lower 
pressure.   The  slopes  of  both  curves  can  be  superposed  with 
good  fit,  after  correction  for  the  absolute  intraocular  pressure 
shift.   The  data  indicate  that  the  intrinsic  elasticity  of  the 
eye  has  not  changed.  A  probable  explanation  of  the  observed 
phenomenon  is  exertion  of  an  outside  pressure  by  the  muscles 
on  the  globe;  that  is,  an  added  inside  pressure  is  required  to 
compensate  for  the  inward  force  caused  by  the  muscles.   After 
compensation  for  this  force,  the  eye  distends  in  a  manner 
identical  to  the  controls  since  its  pressure  gradients  are  then 
similar  to  the  control, 

Diamox  has  been  shown  clinically  and  experimentally  to 
reduce  intraocular  tension  by  suppressing  inflow  of  aqueous 
humor  into  the  eye.   In  this  laboratory  it  was  observed  that 
Diamox  in  high  doses  occasionally  increases  the  tension  of  the 
inferior  oblique  muscle.   The  rise  in  muscle  tension  is  sometimes 
sjmchronous  with  an  acute  increase  of  the  intraocular  pressure, 
and  sometimes  the  increase  in  tension  develops  slowly  and  is 
unrelated  to  the  intraocular  pressure  of  the  contralateral  eye. 
This  effect  of  Diamox  can  be  abolished  by  d=tubocurarine.   The 
significance  of  this  finding  has  not  yet  been  fully  explored. 
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Significance  to  Progiram  of  Institute;  l)  To  serve  as  a  guide 
for  cautious  clinical  use  of  these  muscle  relaxants  in  intraocular 
surgery,  2)  To  increase  our  knowledge  of  the  pharmacology  of 
these  agents.  3)  To  add  to  the  understanding  of  the  physiology  of 
the  extraocular  striate  muscles  and  their  effects  on  the  intraocular 
pressure , 

Proposed  Course  of  Projects  Continuation  of  the  study  on  drugs 
which  have  an  effect  on  the  tension  of  extraocular  striate  muscles 
to  possibly  clarify  the  role  played  by  the  muscles  in  influencing 
the  intraocular  pressure. 


Part  B  included  Yes  /x/        No  /_/ 
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Individual  Project  Report 
Calendar  Year  1957 


Part  B;  Honors,  Awards,  and  Publications 
Publications  other  than  abstracts  from  this  project: 


Macri,  F.J.  and  Grimes,  P.,  Effects  of  Sue cinyl choline  on  the 
Extraocular  Muscles  and  Intraocular  Pressure,  American  Journal  of 
Ophthalmology,  44:221-230  (Pt.  2),  1957. 


Honors  and  Awards  relating  to  this  project:     None 
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1.  Ophthalmology  Branch 

2.  Physiology  Section 

3.  Bethesda,  Maryland 

4.  Same  as  NIHDB-ll(c) 


Part  A. 


Project  Title:   Electro-physiology  of  the  Retina. 

Principal  Investigator:  M.  G.  F.  Fuortes,  M.D. 
Other  Investigator:      Peter  Gouras,  M.D. 

Cooperating  Units: 


Man  Years  (calendar  year  1957) 
Total:  3 
Professional:  2 
Other:  1 


Patient  Days  (calendar  year  1957) 
None 


Project  Description: 

Objectives:   In  recent  years,  it  has  become  possible  to  record 
electrical  activity  from  single  cells  of  the  central  nervous  system 
by  means  of  intracellular  micro-electrodes.  These  studies  have 
yielded  interesting  results  concerning  the  physical  properties  of 
nerve  cells  and  the  basic  mechanisms  of  their  excitation.   It  is 
thought  that  the  techniques  developed  in  the  mentioned  studies  on 
the  electrical  activity  of  cells  in  the  central  nervous  system 
may  now  be  applied  to  analysis  of  the  functions  of  retinal  ele- 
ments.  If  suitable  optical  instrumentation  can  be  devised,  it  is 
possible  that  penetration  of  retinal  elements  may  be  performed 
under  direct  visual  control. 

Methods  Employed:   Glass  micropipettes  are  drawn  to  a  tip 
diameter  of  less  than  1/2  micron  and  are  filled  with  a  salt 
solution.   They  then  lorm  a  small  electrode  having  a  resistance 
of  about  100  mega  ohms.  These  pipettes  are  attached  to  a  micro- 
manipulator and  are  connected,  through  a  suitable  input  stage, 
to  an  amplifier.   In  some  cases  tungsten  wires  are  used  instead 
of  the  glass  micropipettes.   The  retina  of  a  cold-blooded  animal, 
dissected  out  from  the  eye,  is  immersed  in  Ringer  fluid  or 
mineral  oil.  A  high-power  dissecting  microscope  is  used  to 
watch  both  the  retina  and  the  micro-electrode.   It  is  hoped 
that  it  will  thus  be  possible  to  insert  the  raicropipette  into 
previously  identified  retinal  elements  and  to  lead  off  from 
these  the  electrical  changes  correlated  to  their  activity. 
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Major  Findings;   The  techniques  mentioned  above  have  been  applied 
to  two  different  structures:  neural  elements  of  the  limulus  eye  and 
the  retina  of  the  frog.   In  the  limulus  eye  it  has  been  possible  to 
record  the  potentials  between  outside  and  inside  of  single  cells  by 
introducing  glass  micropipettes  inside  the  cell  cytoplasm.   In  addi- 
tion it  has  been  possible  to  pass  currents  through  the  impaling 
micro-electrode,  and  thus  to  compare  the  effect  of  stimulating 
(depolarizing)  currents  with  those  evoked  by  light.   The  results 
obtained  are  being  analyzed  at  the  present  time.   In  the  frog's 
retina  it  was  impossible  to  apply  the  intracellular  methods,  but 
electrical  fields  outside  cells  have  been  recorded.  A  study  has 
been  made  of  the  features  of  unitary  responses  recorded  from  the 
ganglion  cell  layer  following  stimulation  with  light  of  different 
intensity.  A  systematic  analysis  of  the  properties  of  the  slow 
potentials  (presumably  related  to  the  electroretinogram)  when 
recorded  from  the  different  layers  of  the  retina  is  now  in  progress. 
During  this  work  it  has  been  observed  that  the  isolated  frog's 
retina  undergoes  rhythmical  changes  which  appear  to  be  in  many 
respects  similar  to  the  so-called  "spreading  depression"  of  the 
cortex. 

Significance  to  Program  of  Institute:   It  is  hoped  that  the 
studies  mentioned  above  may  lead  to  better  understanding  of  1) 
the  mechanisms  by  which  light  originates  discharges  of  nerve  im- 
pulses in  the  neural  elements  of  the  eye;  2)  physical  properties 
of  some  simple  nerve  cells  in  the  eye;  3)  functional  organization 
of  the  vertebrate  retina;  4)  nature  and  origins  of  the  electro- 
retinogram. . 

Proposed  (bourse  of  Pro-ject;   The  study  of  the  invertebrate 
eye  appeared  more  suitable  for  the  available  techniques  and  it 
is  proposed  to  concentrate  future  stodies  to  the  analysis  of  its 
responses.  Work  on  the  frog's  retina  will  be  carried  on  until 
the  studies  initiated  so  far  have  been  brought  to  a  conclusion. 


Part  B  included  Yes  /  /  No  /x/ 
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Part  A. 


Project  Title:   ERG  Spectral  Sensitivity  Curves  on  Caucasians. 
Negroes,  and  Albinos 


Principal  Investigator;  Eberhard  Dodt,  M.D. 

Other  Investigators;     Richard  M.  Copenhaver,  M.D.,  and 

Ralph  D.  Gunkel,  O.D. 


Cooperating  Units:       None 


Man  Years  (calendar  year  1957):  Patient  Days; 

Total ;   .  05 
Professional :  .  05 
Other:   .05 


Project  Description; 

Objectives;  To  study  the  relative  spectral  sensitivity  curve 
in  deeply  pigmented  and  albinotic  human  eyes  by  means  of  hsMnaa 
electroretinography. 

Methods  Employed;   Color  light  stiimuli  are  to  be  produced 
by  using  double  interference  filters  in  conjunction  with  a  Xenon 
high  pressure  lamp.  We  plan  to  measure  the  pho topic  sensitivity 
curve  of  albinos  and  negroes  by  using  flickering  light  flashes 
of  30  per  second  delivered  by  a  rotating  disc.   Single  flash 
stimulation  will  be  used  to  measure  the  sensitivity  curve  of 
the  dark  adapted  eye. 

PatieBt  Material;   Negro  patients  exhibiting  a  low  level 
of  baseline  activity  and  albinotic  human  eyes  will  be  selectede 

Major  Findings;  Nome  to  date. 

Sis^aificance  to  Program  of  Institute;   The  data  obtained 
in  this  project  contribute  materially  to  the  present  knowlege 
regarding  the  factors  affecting  the  spectral  sensitivity  curve 
of  the  human  eye  as  measured  by  the  electroretinogram.  Recent 
experiments  in  animals  have  shown  that  the  spectral  reflectivity 
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of  the  blood  may  cause  distortion  of  the  ERG  spectral  sensitivity 
-.  curve.   By  the  comparison  of  psychophysical  data  and  ERG  spectral 

sensitivity  curves  in  patients  it  may  be  possible  to  evaluate  the 
importance  of  the  spectral  reflectivity  of  the  blood  in  humans. 

Proposed  Course  of  Project:   See  Objectives. 
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1.  Ophthalmology  Branch 

2.  Physiology  Section 

3.  Bethesda,  Maryland 

4.  Same  as  NINDB-17(c) 


Part  A. 


Project  Title;  Functional  Studies  in  Retinal  Anomalies  and 
Diseases  (Electroretinography,  Adaptometry, 
and  Perimetric  Light  Sense  Studies) . 


Principal  Investigators:   George  Goodman,  M.D.  and  Ralph  D. 

Gunkel,  O.D. 

Other  Investigators:      Richard  M.  Copenhaver,  M.D. 


Cooperating  Units: 


None 


Man  Years  (calendar  year  1957): 
Total:  .05 
Professional:  .05 
Other:  ,05 


Patient  Days:   28 

Outpatient  Visits: 

146 


Project  Description: 

Objectives:   This  study  is  concerned  with  the  investi- 
gation of  visual  function  in  patients  with  retinal  abnor- 
malities--especially  hereditary  degenerations  and  congenital 
anomalies--utilizing  new  adaptometric,  perimetric  and  electro- 
retinographic  tests,  in  addition  to  careful  clinical 
examinations.   Special  emphasis  is  placed  upon  those  con- 
ditions in  which  there  is  a  selective  affection  of  the 
scotopic  (rod)  or  photopic  (cone)  receptors.  Wherever 
possible,  other  affected  members  of  the  family  are  studied. 

The  objectives  of  this  study  are  as  follows:  1)  To  aid 
in  the  differential  diagnosis,  prognosis,  and  genetic 
counselling  of  patients  with  retinal  abnormalities.   2)  To 
investigate  the  clinical  usefulness  of  adaptometry,  peri- 
metric light  sense  studies,  and  electroretinography.   3)  To 
study  the  physiology  of  rod  and  cone  vision  in  these  patients 
by  means  of  perimetric  and  electroretinographic  techniques 
which  permit  a  separate  evaluation  of  the  photopic  and  sco- 
topic response. 
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Methods  Employed:  Each  patient  undergoes  a  complete  clinical 
ophthalmologic  examination.   The  following  special  tests  are  per- 
formed:  a)  Adaptometry:   The  course  of  dark  adaptation  is  deter- 
mined for  a  paramacular  retinal  area  on  the  Goldmann  adaptometer. 
^)  Perimetric  light  sense  testjng^:   The  absolute  light  threshold 
is  determined  for  red,  white,  and"  blue  stimuli  from  0-40  degrees 
over  one  or  more  meridians  in  the  visual  field.   The  thresholds 
for  blue  light  afford  a  "rod  profile"  of  the  retina,  and  the 
thresholds  for  red  light  represent  the  "cone  profile"  of  the 
retina.   Special  attachments  have  been  added  to  the  Goldmann 
adaptometer  to  make  these  studies  possible,   c)  Electroretin- 
ography:   The  ERG's  are  obtained  by  means  of  contact  lens 
electrodes  and  recorded  on  an  EEG  machine.   The  intensity  and 
wavelength  of  the  light  stimulus,  and  the  level  of  adaptation 
of  the  patient,  are  varied  in  order  to  separate  the  photopic 
and  scotopic  response  and  evaluate  them  individually. 

Major  Findings:   (Since  this  work  is  still  in  progress, 
only  a  few  results  can  be  alluded  to.)   1)  Studies  of  two 
families  with  retinitis  pigmentosa  (dominant  inheritance)  have 
demonstrated  that  in  the  early  stages  of  this  condition  there  may 
be  an  intact  photopic  response,  with  an  absent  or  severely  de- 
pressed scotopic  response.   The  implications  of  this  finding  are 
important  in  several  respects. 

a)  It  disproves  the  dictum  that  an  extinguished  or  negative 
ERG  is  necessary  for  a  diagnosis  of  retinitis  pigmentosa,   b)  This 
demonstrates  the  inadequacy  of  a  generalization  in  the  literature 
which  states  that  the  presence  of  an  isolated  photopic  or  sco- 
topic ERG  in  patients  is  evidence  of  a  congenital  retinal  anomaly 
and  not  a  progressive  retinal  degeneration,   c)  These  studies 
confirm  the  fact  that  the  ERG  may  be  abnormal  several  years  be- 
fore the  appearance  of  fundus  abnormalities  in  retinitis  pigmen- 
tosa, and  before  the  patients  are  old  enough  to  be  tested  by 
subjective  methods. 

2)  A  study  was  made  of  patients  with  two  cerebromacular 
disorders;  Tay-Sach's  Disease  and  Juvenile  Amaurotic  Familial 
Idiocy.   In  Tay-Sach's  disease  the  ERG  was  found  to  be  within 
normal  limits,  or  only  slightly  depressed,  in  keeping  with  the 
fact  that  the  major  pathology  is  in  the  ganglion  cell  layer  and 
optic  nerve  fibers--retinal  elements  which  do  not  contribute  to 
the  ERG  response.   However,  in  juvenile  amaurotic  familial  idiocy 
the  ERG  was  found  to  be  severely  altered  even  during  the  early 
stage  of  this  condition  when  the  only  clinical  manifestation 
was  a  macular  degeneration.   This  is  consistent  with  the  histo- 
logic evidence  that  the  neuroepithelial  layer  is  the  site  of 
greatest  damage  in  this  condition. 
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3)  Studies  of  patients  with  congenital  night  blindness  with- 
out fundus  change,  and  Oguchi's  Disease  (congenital  night  blind- 
ness with  fundus  change) ,  have  af  foz'ded  new  information  regarding 
the  means  of  differentiating  scotopic  and  photopic  activity  in 
adaptometric,  perimetric  light  sense,  and  electroretinographic 
investigations.   In  addition,  the  discrepancy  which  has  appeared 
in  some  cases  between  the  subjective  tests  and  the  ERG  suggests 
that  the  defect  in  individual  cases  of  congenital  night  blind- 
ness may  be  located  in  different  retinal  structures. 

Significance  to  Program  of  Institute;   The  opportunities 
afforded  for  the  functional  study  of  retinal  disease  have 
attracted  a  large  number  of  clinical  diagnostic  problems.   In 
turn,  the  findings  in  many  of  these  patients  have  been  of  im- 
portance in  clarifying  basic  problems  in  retinal  physiology. 

Proposed  Course  of  Project:  Dr.  Copenhaver  and  Dr.  Gunkel 
will  continue  the  investigations  as  outlined  above. 


Part  B  included  Yes  /  /  No  1^1 
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Part  A.  ....,_.  . 

Project  Title:   Design  and  Construction  of  Ophthalmic  Instruments 

Principal  Investigators  Ralph  D.  Gunkel,  0,D. 
Other  Investigators  s     None 

Cooperating  Units s      NINI)B-63(c)  on  Functional  Studies  in 

Retinal  Anomalies  and  Diseases  (Electro- 
retinography,  Adaptometry  and  Perimetric 
Light  Sense  Studies). 

Man  Years  (calendar  year  1957)?  Patient  Days; 

Total:  .05 
Professional:  .05 
Other:  .05 

Project  Description: 

Objectives:  To  make  Improvements  in  the  instruments  used 
in  ophthalmic  examination,  treatment,  or  related  laboratory 
work. 

Specifically:  To  further  modify  the  Goldmann-¥eekers 
Adaptometer  to  permit  perimetric  measurements  of  light  sense 
thresholds , 

Methods  Employed:  A  small  light  (about  one  millimeter 
in  diameter)  of  variable  intensity  is  mounted  on  an  arm 
which  can  be  moved  in  a  horizontal  or  vertical  meridian  at 
will.  One  degree,  two  degree,  or  ten  degree  test  spots  are 
flashed  in  the  center  of  the  instrument  directly  in  front 
of  the  subject's  eyes.  If  macular  sensitivity  is  to  be 
measured,  the  small  dim  fixation  light  is  placed  at  the 
center  of  the  one  or  two  degree  test  spot.  If  more  peri- 
pheral areas  of  the  retina  are  to  be  tested,  the  fixation 
light  is  moved  the  desired  angular  distance  above,  below, 
or  to  one  side  of  the  test  spot.  The  subject  is  instructed 
to  keep  his  eye  carefully  on  the  fixation  light,  but  to  re- 
port on  the  visibility  of  the  flashing  test  spot.  In  this 
way  a  "retinal  sensitivity  profile"  can  be  easily  made  out 
to  about  50  degrees  from  the  macula. 
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Patient  Material;  All  patients  referred  to  this  Institute  for 
electroretinographic  differentiation  of  retinitis  pigmentosa, 
night  blindness,  defective  color  Vision,  or  compatible  degener- 
ative conditions  of  the  retina  have  been  given  a  dark  adaptation 
test.  This  would  include  about  150  patients.  Since  the  com- 
pletion of  the  perimetric  device  in  June  1957,  retinal  sensi- 
tivity profiles  have  been  done  on  all  of  these  patients  when 
practical,  in  addition  to  a  corns iderable  number  of  normal 
volunteers . 

Major  Findings;  Just  as  normals  have  been  established  for 
the  final  threshold  at  the  end  of  the  dark  adaptation  curve,  they 
have  also  been  established  for  one  degree  and  two  degree  white 
test  spots  at  varying  distances  from  the  macula  in  the  dark 
adapted  eye. 

Further  useful  and  interesting  information  has  been  obtained 
by  using  a  red  filter  on  the  test  spot  to  obtain  a  nearly-pure 
cone  response  and  a  blue  filter  to  obtain  a  mearly-pure  rod  re- 
sponse. Normals  have  been  established  for  the  relative  height 
and  form  of  these  curves,  and  the  striking  deviations  found  in 
certain  diseases  will  probably  be  the  basis  for  a  future  report. 

Significance  tt>  Program  of  Institute;  It  is  believed  that 
these  instruments  are  contributing  materially  to  our  clinical 
research  program. 

While  it  has  already  proven  helpful  in  evaluating  and 
predicting  photopic  and  scotopic  electroretinographic  findings, 
the  usefulness  of  the  retinal  sensitivity  profile  has  not  yet 
been  adequately  investigated.  For  example,  it  may  prove  to  be 
a  very  sensitive  method  for  detecting  early  retinal  damage  due 
to  glaucoma. 

Proposed  Course  of  Project;  It  seems  desirable  that  the 
present  freedom  and  flexibility  of  the  instrument  project  be 
maintained.  Only  in  this  way  can  promising  ideas  be  followed 
and  developed  to  their  ultimate  conclusions. 

Further  studies  should  be  made  of  perimetric  light  sense 
thresholds  in  certain  other  diseases.   It  is  conceivable  that 
they  may  prove  to  be  more  sensitive  than  conventional  visual 
field  measurements,  although  they  give  somewhat  different  in- 
formation. 


Part  B  included  Yes  /_/         No  ^ 
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1 .  Ophthalmology  Branch 

2.  Physiology  Section 

3.  Bethesda,  Maryland 

4.  Same  as  NINDB-9(c) 


Part  A. 


Project  Title:   Detection  of  Ocular  Tumor  by  Isotope  Methods, 

Principal  Investigator:   James  F.  C'Rourke,  M.D. 
Other  Investigators:     None 


Cooperating  Units: 


None 


Man  Years  (calendar  year  1957) 
Total :  .  05 
Professional:  .05 
Other:  .05 


Patient  Days:   126 
Outpatient  Visits:   54 


Project  Description: 

Objectives:   To  develop  more  accurate  tracer  methods  for 
diagnosis  of  intraocular  and  intraorbital  malignancies  by  these 
three  methods  of  investigation:   1)  Basic  animal  tumor  studies  - 
determination  of  uptake  of  suitable  gamma  and  beta  emitting 
labelled  compounds  by  the  S-91  mouse  melanoma.   2)  Physical : 
evaluation  and  modification  of  equipment  for  detection  of 
tumor  radioemissions.   3)  Clinical  -  study  by  P-32  uptake  pro™ 
cedures  of  patients  who  are  tumor  suspects  to  (a)  assess 
critically  the  P-32  and  Geiger  tube  modality  as  presently  used 
and  (b)  to  attempt  clinical  studies  using  gamma  emitting  iso- 
topes of  zinc  and  iodine. 

Methods  Employed:   In  basic  studies  of  the  S-91  melaasoma 
uptake  of  radioactive  isotopes,  the  wet  ash  method  of  assay 
employed  was  as  described  in  publication  and  in  1956  report. 

Radiophosphorus  uptake  studies  continue  on  patients 
showing  evidence  of  intraocular  malignancy:   in  most  instances, 
the  counting  is  done  transconjunctivally,  using  a  hand  positioned 
Geiger  probe. 

A  recent  clinical  experience,  to  be  described,  indicates 
that  with  a  posterior  choroidal  mass,  counting  geometry  is 
considerably  improved  when,  as  a  surgical  procedure,  thig 
sclera  overlying  a  tumor  is  bared  and  rotated  forward  as 
close  as  possible  to  the  counting  field. 
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Major  Findings:  Basic  studies  of  melanoma  uptake  of  various 
radioactive  isotopes  were  completed,  using  as  a  bio- indicator  the 
S-91  Cloudman  tumor.  Results  indicated  that  Zn-65  and  1-131 
serum  albumen  are  taken  up  to  a  much  greater  extent  than  is  P-32; 
however,  no  suitable  method  for  ocular  scanning  of  gamma  emitting 
sources  is  available. 

Of  interest  was  the  finding  in  a  single  patient  that  posi- 
tive evidence  of  a  malignant  choroidal  melanoma  was  only  finally 
obtained  when  the  bared  sclera  technique  was  employed;  two 
previous  studies  done  by  conventional  methods  were  negative. 

Significance  to  Program  of  Institute:   Patients  referred 
to  Ophthalmology  Branch  as  tumor  suspects  often  represent  doubt- 
ful or  unusual  cases:  the  need  for  continued  attempts  to  im- 
prove P-32  counting  methods  is  indicated  by  several  false 
negative  results  obtained  in  this  group  of  patients. 

Proposed  Course  of  Project:   The  study  will  continue 
mainly  on  the  clinical  level  where  an  attempt  will  be  made  to 
compare  results  of  conventional  and  surgical  counting  tech- 
niques. 


Part  B  included        Yes  M  No  /  / 


O'Rourke,  J.  F. ;  Patton,  H. ;  and  Bradley,  R.,  A  Study  of 
the  Uptake  of  P-32,  Zn-65,  and  1-131  Serum  Albumen  by 
Experimental  Malignant  Melanoma,  American  Journal  of 
Ophthalmology,  44:190-197  (October,  Pt.  2),  1957. 
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Part  B:   Honors,  Awards,  and  Publications 
Publications  other  than  abstracts  from  this  project: 


O'Rourke,  J.  F. ;  Patton,  H. ;  and  Bradley,  R. ,  A  Study  of  the  Uptake 
of  P-32,  Zn-65,  and  1-131  Serum  Albumen  by  Experimental  Malignant 
Melanoma,  American  Journal  of  Ophthalmology,  44:190-197  (October, 
Pt.  2),  1957. 


Honors  and  Awards  relating  to  this  project:   None 
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Part  A. 


Project  Title:  Evaluatioia  of  Hormonal  Therapy  in  Uveitis 


Principal  Investigator:   James  F.  O'Roiuirke,  M.D. 

Other  Investigators:   Samuel  Arouson,  M.D. ;  Richard  Copenhaver,  M.D. ; 
Herbert  Kaufman,  M.D. ;  and  David  Paton,  M.D. 


Cooperating  Unit:   Project  is  being  dome  with  cooperation  and  advice 
of  Dr.  Edward  Rail  of  Clinical  Endocrinology 
Branch,  NIAMD. 


Man  Years  (calendar  year  1957):  Patient  Days:   2024 

Total:  .05 

Professional:  ,05  Outpatient  Visits:   226 

Other:  .05 


Project  Description: 

Interim  Note;   In  the  time  elapsing  since  the  1956  report 
this  study  was  concerned  largely  with  the  collection  and  review 
of  case  records  accumulated  since  September  1953.  Data  from 
these  records  have  been  entered  into  a  uveitis  file  system 
preparatory  to  evaluating  various  etiologic  factors  that  bear 
on  the  natural  course  of  the  disease  and  its  response  to  therapy. 

When,  during  the  course  of  this  review,  there  appeared 
evidence  that  thyroid  dysfunction  might  be  a  co-factor  asso- 
ciated with  chronic  relapsing  uveitis,  the  work  of  the  project 
was  redirected  largely  into  the  field  of  thyroid  function 
studies.   The  body  of  this  report  concerns  the  initial  and 
contemplated  studies  of  thyroid  status  in  uveitis  patients. 
A  separate  study  of  therapeutic  responses  observed  in  uveitis 
treated  with  steroid  and  chemotherapeutic  agents  is  to  be  made 
with  Dr.  Herbert  Kaufman  as  principal  investigator. 

Objectives:   To  evaluate  the  status  of  thyroid  function  in 
uveitis  patients  and  to  ascertain  what  is  the  possible  influence 
of  this  factor  upon  chroaieity,  recurrence  rate,  and  responses 
to  therapy. 
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Methods  Employed;   Suitably  screened  uveitis  patients  admitted 
to  the  impatieat  service  of  the  Ophthalmology  Braach,  NINDB,   re- 
ceive durimg  their  etiologic  siarvey  the  following  thyroid  fraaction 
studies:  basal  metabolic  rate,  cholesterol  (total),  radioactive 
iodine  uptake,  proteia-boiuiffld  iodine  (serum). 


After  completioffi  of  the  screeaing,  a  radiothyroxiae  tiara- 
over  study  is  doae  on   selected  subjects  ia  the  followiag  maiaaer: 
50  microcurie  injections  of  radiothyroxine  (sterile)  are  made 
intravenously  and  14  daily  blood  samples  are  drawn:  these  are 
prepared  as  2  ml .  plasma  couatiag  samples  and  the  1-131  radio- 
activity is  determined  by  scintillation  counting.   Results  are 
plotted  semilogarithmically  and  the  slope  is  calculated  by  the 
method  of  least  squares.   Half  time  values  for  the  thyroxine 
disappearance  rate  are  derived  linearly  and  compared  with  aonsial 
values  published. 


SI     Thyroid 
studies  have  been  carried  out  on  approximately  100  pat 
date  and  indicate  roughly  that:   a)  Total  senssm  choles 
levels  above  a  normal  value  of  250  milligrams  per  cent 
been  found  ia  aboat  40%  of  65  patients  surveyed; 
metabolic  rate  values  obtained  for  93  uveitis  patients 
-12.14  as  compared  with  an  N.I.H.  mean  valiae,  ia  992  o 
tive  inpatients,  of  -3.15;  c)  Radioactive  iodine  uptak 
protein-boumd  iodine  survey  studies  have  for  the  most 
normal  in  43  patients  surveyed;  d)  Plasma  radio 
appearance  rates  have  beea  below  the  normal  half  time 
6.2  days  in  11  of  the  15  patients  studied  to  date. 
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course  of  uveal 


Proposed  Course  of  Project;   There  is  need  to  cc 
thyroxine  disappearance  rate  studies  on   euthyroic 
trol  patients:  should  such  a  group  have  normal  half  time  values, 
the  study  would  then  be  applied  to  larger  numbers  of  uveitis 
patients. 

A  study  of  the  influence  of  thyroidectomy  on  the  course  of 
experimentally  induced  uveitis  is  contemplated  oa  rabbits. 


Part  B  included 


Yes  /  / 


No  /^7 
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1.  Ophthalmology  Branch 

2.  Clinical  Disorders 

3.  Bethesda,  Maryland 

4.  New 


Part  A, 


Project  Title;   Vascular  Retinopathies 


Principal  Investiaators;   George  Goodmanj  M.D.  and  Ludwig  von 

SallmaniK.  M.D  = 


Other  Investigator; 


Monte  G.  Holland,  M.D. 


Cooperating  Unit; 


Dr.  Harvey  A.  Itano,  NIAMD,  LPH, 


Man  Years  (calendar  year  19. 
Total:   .05 
Professional:  .05 
Other:   .05 


Patient  Days:   158 
Outpatient  Visits:  14 


Project  Description: 

Objectives;   To  screen  patients  with  sickle  cell  disease 
for  fundus  lesions  or  other  eye  pathology  which  might  be  help- 
ful for  the  diagnosis  of  the  disease.   To  relate  the  clinical 
picture  to  the  histopathology  of  the  disease  and  to  study  the 
inheritance  of  the  hemoglobinopathy  in  the  observed  families. 
^tients  were  referred  to  the  Ophthalmology  Branch  by 
Dr.  Pearl  Watson,  Dr.  Frederick  Stohlman,  NCI,  and  Drs.  Benjamin 
Fine  and  Jack  Gilligaa  of  Washington,  D.C.   The  study  deals  with 
five  patients.   Hemoglobin  electrophoresis,  carried  out  in  the 
laboratory  of  Dr.  Itano s  established  the  diagnosis  of  sickle 
cell  hemoglobin  C  disease  in  three  of  the  patients  and  sickle 
cell  hemoglobin  D  disease  in  another.   The  histopathologic 
facts  on  one  of  the  patients  with  sickle  cell  hemoglobin  C 
disease  were  obtained  through  the  kindness  of  Dr.  Zimmerman 
of  the  Armed  Forces  Institute  of  Pathology.) 

Major  Findings:   The  fundus  changes  in  the  three  patients 
with  SC  disease  included  retinitis  proliferans,  aneurysmal 
vascular  dilatations,  arborizing  vascular  networks,  sheathing 
and  obstruction  of  arterioles  and  venules  and  preretinal  hemor- 
rhages closely  simulating  retinal  tears.   Vascislar  changes  were 
also  noted  on  the  optic  disc  and  bulbar  conjunctiva.   One  pa= 
tient  with  sickle  cell  hemoglobin  D  disease  exhibited  an 
atypical  picture  of  acute  obstruction  and  stasis  in  the  retii 
vascular  tree.   The  histopathologic  changes  corresponded  to 
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those  known  to  occur  in  retinitis  proliferans.  However,  the 
presence  of  sickled  red  cells,  particularly  in  areas  with  low 
oxygen  tension,  allowed  to  diagnose  the  process  as  connected 
with  the  hemoglobinopathy.  Hemoglobin  geneologies  were  cited 
in  three  of  the  patients,  including  a  family  with  sickle  cell 
hemoglobin  C  disease  in  the  mother  and  a  normal  father.   The 
results  support  the  postulate  that  hemoglobins  S  and  C  are 
allelic  or  closely  linked. 

Significance  to  Program  of  Institute;   The  described 
objectives  provide  a  basis  for  the  differential  diagnosis 
between  sickle  cell  retinopathy  and  other  types  of  retiaitis 
proliferans.  Although  the  diagnosis  of  sickle  cell  retijio- 
pathy  brings  with  it  no  specific  therapy  for  the  underlying 
hemoglobin  disorder  at  the  present  time,  it  is  important  in 
preventing  the  host  of  medical  treatment  commonly  used  for 
Bales'  disease.  Furthermore,  the  ocular  changes  may  be  the 
first  clue  to  the  presence  of  a  hematologic  disorder  with 
protean  symptomatology. 

Proposed  Course  of  Project;   Systematic  ophthalmoscopic 
and  electrophoretic  studies  will  be  continued  when  patients 
with  sickle  cell  disease  become  available. 


Part  B  included  Yes  /x/  No./  / 
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Part  B;  Honors,  Awards,  and  Publications 
Publications  other  than  abstracts  from  this  project: 


Goodman,  George;  von  Sallmann,  Ludwig;  and  Holland,  Monte, 
Ocular  Manifestations  of  Sickle  Cell  Disease,  A.M.A.  Archives 
of  Ophthalmology,  58:655-682 .(November)  1957. 


Honors  and  Awards  relating  to  this  project:   None 
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Part  A. 

Prelect  Titles   Study  of  Viruses  Affecting  the  Eye. 


Principal  Investigators  g   Chis  Tanaka,  M.  D.  and 

Herbert  Kaufman,  M,  D, 


Other  Investigators ; 


None 


Cooperating  Units? 

This  project  parallels  similar  investigations  carried 
out  under  the  direction  of  Dr.  Robert  J.  Huebner,  National 
Institute  of  Allergy  and  Infectious  Diseases,  Dr.  Huebner 's 
group  is  performing  neutralization  tests  and  complement 
fixation  tests  with  Adenovirus  Type  8,  Similar  methods  of 
virus  isolation  and  cultivation  are  undertaken  by  this 
laboratory,  using  explants  of  tissue  obtained  from  patients. 


Man  Years  (calendar  year  1957) 
Totals  .05 
Professionals  .05 
Others  .05 


Patient  Dayss       131 
Outpatient  Visits s    55 


Objectives  8   (General)  (l)  To  investigate  the  relationship 
between  adenovirus  and  epidemic  keratoconjunctivitis  by  serologic 
and  vims  recovery  studies  on  a  group  of  patients  with  the  clinical 
syndrome  of  EKC.   (2)  To  study  the  applicability  of  the  agar 
diffusion  technique  in  immunologic  studies  on  adenoviruses,   (3)  To 
elucidate  the  possible  virus  etiology  of  various  ocular  diseases. 


i 
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.   Methods  Employed;  Material  was  collected  by  Dr.  Mitsui  of  the 
Kumamoto  University,  Kumamoto,  Japan,  and  flown  from  Japan  to  the  Institute 
without  refrigeration.  Specimens  were  obtained  by  scraping  the  conjunctiva 
of  four  patients  with  tjrpical  and  others  with  probable  EKC.  The  scrapings 
were  suspended  in  tissue  culture  media.  Two  specimens  were  discarded 
because  of  contamination  with  fungi.   In  addition  adequately  prepared 
sera  specimens  were  collected  from  18  patients  with  typical  and  probable 
EKC.  Running  virus  neutralization  tests  were  carried  out  according 
to  the  technique  of  Rowe  et  al.   and  Jawetz  et  al,  with  minor  modifications. 
Complement  fixation  tests  were  performed  on  paired  sera  of  EKC  patients 
against  adenovirus  types  I  and  8  by  Dr.  W.  P.  Rowe  and  Mr.  H.  C,  Turner, 
NIATD,. 

Ma.jor  Findings;   The  conjunctival  scrapings  from  the  two  patients 
with  a  typical  clinical  picture  of  EKC  were  tested  for  adenovirus  with 
HeLa  cell  inoculation.  Type  8  adenovirus  was  recovered  from  one  case 
and  type  7  from  the  other.  Both  cases  demonstrated  antibody  responses 
to  homologous  agents ^ 

Ten  of  the  11  patients  with  corneal  opacities  -  thought  to  be 
characteristic  of  EKC  ->  demonstrated  neutralizing  antibody  responses 
to  Type  8  adenovirus  and  generally  did  not  show  a  response  to  Type  3  or 
Type  7.   The  one  case  without  antibody  response  to  Type  8  was  the  case 
with  the  Type  7  infection.   Seven  cases  of  atypical  EKC  (without  corneal 
opacities)  presented  neutralizing  antibody  responses  to  both  Type  8  and 
Type  3  adenovirus.  The  data,  then,  confirm  earlier  reports  that  Type  8 
adenovirus  plays  a  causative  role  in  EKC  and  suggests  that  some  infections 
with  Type  7  might  produce  the  same  clinical  picture. 


lificanceg   Th'e  viral  nature  of  EKC  has  been  suspected  for  a 
long  time  from  epidemiologic  sxudies  and  inoculation  experiments.   Claims 
of  possible  isolation  of  the  causative  virus  have  been  made  by  several 
investigators,  but  there  was  little  agreement  in  the  results  obtained 
from  different  laboratories.   The  isolation  of  Type  8  and  Type  7  adenovirus 
on  conjunctival  scrapings  from  patients  with  typical  EKC  represents  an 
important  step  in  studies  of  the  etiology  of  the  disease. 


ObjectiTes  To  determine  whether  precipitating  antibody  against 
■^ne  various  adenoviruses  can  be  demonstrated  and,  if  so,  to  study  the 
oroperties  of  such  an  antibody o 

Methods  Employed s  An  agar  saline  gel  containing  barbitol  sodium 
buffer  at  pH  7,4  was  used  as  an  "agar  diffusion"  medium.  Six  wells  were 
placed  equidistant  from  a  central  well  1,3  cm.  apart  in  a  hexagonal 
:  •I'.'-.ec'nj  .i.otirj'on  v.^s  '-.jisn  "laced  in  the  central  well,  with  various  sera 

t  ^  '■  'j.  ':' 'l.'-(    ir,,  or  vic^  '.Oj/iJa, 
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Major  Findings g   Rabbit  sera  hyperimmune  to  adenoviruses  of  any 
one  of  types  1,  2,  3^   5f   6,  7,  8  (preTiously  absorved  with  chicken  or 
-horse  serum  and  normal  HeLa  cells)  gave  group  specific  precipitation 
lines  to  any  of  the  above  adenovirtts  types.  The  homologous  antigen=antibody 
-line  was  the  most  internal  but  this  line  vra;S' equidistant  and  eonci  ;c^.? 
with  the  precipitation  lines  between  the  other  adenovirus  types  indicating 
a  common  id»5!ntical  group  antigen,  Preeipitation  lines  were  also  obtained 
.from  patients  with  suspected  epidemic  keratoconjuncti^ritis  by  us®  of 
adenovirus  antig«ins  and  were  found  to  be  more  intetee  in  convalescent 
than  in  acute  sera. 

To  test  the  specificity  of  this  adenovirus  group  precipitating 
antibodies,  uninfected  K.B,  and  Hela  cells j,  EGHO  virus  type  11  j. 
toxoplasma  gondii,  and  betafeemolytic  gtrapt©eoeei  were  used  as  control 
antigens  and  gave  no  precipitate  with  sera  immuae  to  the  adenoviruses, 

Signif ieanc®  g  A  new  type  of  adenovirus  antibody  «=  a  group  specific 
precipitating  antibody  =  has  beea  demonstrated  against  adenovirus 
types  1,  2,  3)   5y  6,  and  7  and  was  found  to  be  greater  in  convalescent 
than  in  acute  human  sera. 

Although  this  procedure  may  not  prove  superior  to  complement  fixation 
and  nautrali nation  tests  in  routine  diagnosis,  it  may  aid  in  the  further 
■■s-'-'id^  of  ad©no^7irus  antibodies  and  antigenie  types* 

m.     "     ■      ^  - 

Objectives g  To  elucidate  th®  possible  viral  etiology  of  various 

oealar  dis©ac.ss, 

Msthods  and  Patient  Mateiyialg  Both  outpatients  and  admitted  patients 

" '■>:  sonJiincti";?itis,  uveitis ^  and  othar  possible  viral  diseases  will  hava 
■  • '  L..  \S1.'^   tissaep  or  body  fluids  3ti;.di©«i  with  tissue  culture  techniques 
-'■■■':  -J-  ■,  j-rain©  bj  v5.,njs  ise,''.j',tioa  tbe  possible  virus  etiology  of  the 
i'espect.^.ve  co.-'vlitions  o  Gross  obsarvation  vill  be  combimed  with-.straining 
^'  -•;'.  "j3.tu?-?fs  T.-i  detect  more  sabtile  intracellular  alterations, 


■^i&pil'^Ii ^M^-PS. 8  X-'-*  id@Btifieatio?fi  of  atiol^gical  agents  may  psx 
ecise  diagnosis  of  what  are  now  unclear  syndromes.  Specific  iamunologi® 
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1.  Ophthalmology  Branch 
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3.  Bethesda,  Maryland 
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Part  A. 


Project  Title;  The  Diagnosis  and  Treatment  of  Ocular  Toxoplasmosis 


Principal  Investigators; 


Other  Investigators: 


G.  Richard  O'Connor,  M.D. 

Herbert  E.  Kaufman,  M.D. 
Leon  Jacobs,  Ph.D. 

None 


Cooperating  Units; 


Dr.  Leon  Jacobs  of  the  National  Institute  of 
Allergy  and  Infectious  Disease,  Laboratory  of 
Tropical  Diseases,  is  doing  work  on  the  iso- 
lation and  infectivity  characteristics  of  the 
organism  Toxoplasma  gondii  (Serial  #NIAID      ) 
and  some  of  this  work  will  be  done  in  collab- 
oration with  him. 

This  project  coi!q>lements  animal  experimentation 
carried  out  by  Dr.  Don  Eyles  at  the  Memphis 
Public  Health  Service  Facility. 

Parallel  studies  on  the  treatment  of  human 
systemic  toxoplasmosis  are  being  carried  out 
on  the  wards  of  the  National  Institute  of 
Allergy  and  Infectious  Diseases  tsnder  the 
direction  of  Dr.  Norman  B.  McCullough. 


Man  Years  (calendar  year  1957): 
Total:  .05 
Professional:  .05 
Other :  .  05 


Patient  Days:  2024 
Outpatient  Visits:  226 


Project  Description: 

I.  PRECIPITATING  ANTIBODY  TO  TOXOPLASMA  (O'CONNOR) 

Objectives;  To  follow  up  the  results  obtained  from  a 
previously  reported  series  of  patients  and  to  accumulate  new 
data  using  refined  technique  of  antibody  detection  to  purify, 
concentrate,  and  analyze  the  employed  antigen.   In  the  second 
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part  of  the  investigation  a  radioactive  labelled  antibody  was  used 
to  possibly  provide  a  tool  to  diagnose  the  specific  nature  of  a 
given  granulomatous  lesion  in  the  eye. 

Materials  and  Methods g   Cases  of  granulomatous  uveitis  -are 
obtained  through  physician  referral.  Active  cases  that  suggest 
possible  toxoplasma  etiology  by  histology,  morphology,  skin  test 
or  dye  test  can  be  selected. 

Supernatajnt  fluid  from  pooled  centrifuged  peritoneal  exudate 
of  'albino  mice  which  had  been  infected  with  an  Eh  strain  of  Toxo= 
plasma  gondii  was  concentrated  by  various  dialyzing  or  precipi- 
tation procedures  or  by  combination  of  both.  Soluble  and  insoluble 
fractions  of  the  mouse  exudate  were  tested  sepsirately  for  antigen 
potency. 

Gamma  globulin  preparations  were  obtained  from  rabbit  anti- 
sera  of  high  toxoplasma  dye  test  titer  by  ammonium  sulfate  pre- 
cipitation. After  dilution  the  samples  were  labelled  with 
Iodine--^31  according  to  the  technique  of  Talmadge.  The  known 
protein  bound  iodine  was  removed  with  the  use  of  an  anionic 
exchange  resin  column,  sterilized  by  Seitz  filtration  and  tested 
for  precipitant  activity.  Radioautographs  were  obtained  from  the 
agar  plates  after  the  agar  diffusion  technique  had  been  applied 
to  the  samples  in  the  usual  manner.  In  vivo  experiments  consisted 
of  intravenous  injections  of  radioactive  antibody  in  rabbits. 
Formalin-killed  toxoplasma  organisms  had  been  injected  previously 
under  the  retina  of  one  eye.  The  animals  were  killed  2^  hours 
later,  the  eyes  removed,  and  dissected  to  measure  radioactivity 
and  were  then  prepared  for  histologic  examination. 

Major  Findings?  Of  the  63  samples  of  aqueous  humor  tested, 
32  specimens  have  come  from  patients  seriously  suspected  of  ocular 
toxoplasmosis  on  the  basis  of  high  serum. toxoplasma  dye  tests 
(over  I864.),  positive  skin  tests  and  eompatible  lesiolls  in  the 
uvea.  Eleven  specimens  gave  positive  results.  In  ei^ftry  case 
the  serum  dye  test  was  positive  at  a  titer  of  at  least  ls256. 
The  most  strikingly  positive  aqueous  precipitant  test  was  ob- 
tained in  a  patient  with  an  aqueous  dye  test  of  only  Ig^.  and  no 
precipitant  antibody  in  the  serum.  Another  patient  showed  a  dye 
test  titer  of  1?128  in  the  aqueous  humor  along  with  a  barely 
visible  aqueous  precipitant  reaction.  It  is  possible,  then, 
that  the  precipitating  antibody  and  the  dye  test  antibody  may 
represent  two  different  molecular  entities. 

Of  particular  interest  is  the  fact  that  seven  out  of  the 
eleven  positive  cases  have  shown  precipitating  antibody  in  the 
aqueous  humor,  where  none  cotild  be  domonstrated  in  the  serum. 
This  might  suggest  that  the  antibody  is  formed  in  the  eye  itself. 
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In  addition,  these  body  fluids  have  shown  precipitatiBg  antibodies 
in  a  few  instances  to  beta-heraolytic  streptococcus,  providing  possible 
evidence  that  this  antigen  is  a  factor  in  ocular  disease. 

In  the  experiments  with  the  radio  labelled  material  it  was 
shown  that  the  labelling  procedure  did  not  alter  the  Immwaologic 
activity.  However,  specific  uptake  of  labelled  antibody  in  the 
rabbit  eye  with  experimental  toxoplasma  lesions  could  not  be 
demonstrated  to  date. 

Patient  Material ;   Cases  of  granulomatous  uveitis  are  ob- 
tained by  physician  referral.  Active  cases  that  suggest  a  possi- 
ble Toxoplasma  etiology  by  history,  morphology,  skin  test  or  dye 
test  can  be  selected. 

Significance  to  Program  of  Institute;  Aid  in  more  precise 
diagnosis  of  uveitis  through  the  study  of  serum  and  aqueous  humor 
by  the  agar  diffusion  technique  would  improve  the  rational  of 
specific  therapy  such  as  pyrimethamine  (Daraprim)  and  sulfa  drugs 
in  th^  treatment  of  toxoplasmosis.   This  is  of  particular  impor- 
tance, since  these  drugs  are  not  without  side  effects.  (The  work 
is  being  continued  by  Dr.  Kaufman). 

II.  LABORATORY  STUDIES  ON  TOXOPLASMA  (KAUFMAN) 

Objectives;   1)  To  learn  more  about  the  properties  of  the 
organism  per  se.   2)  To  study  experimental  eye  disease  and  cyst 
formation  to  elucidate  the  role  of  the  antibody  titer  in  persis- 
tence of  chronic  infection. 

Methods  Employed;  1)  Virulent  and  avirulent  strains  will 
be  studied  in  tissue  culture.  Siace  this  obligate  intracellular 
parasite  is  large  enough  to  be  counted,  virulence  can  be  corre- 
lated with  (a)  speed  of  penetration,  (b)  number  of  cells  infected, 
(c)  rate  of  multiplication  within  the  cell,  and  (d)  lysis  time. 
This  study  may  also  permit  inferences  and  suggest  experiments  on 
the  nature  of  "virulence"  of  other  intracellular  organisms.   Time 
lapse  photographs  will  be  taken  to  study  penetration  and  multi- 
plication of  the  organism. 

Since  acellular  aggregates  of  organisms  can  be  obtained 
from  tissue  culture,  it  will  be  possible  to  study  (a)  the  prop- 
erties of  neutralizing  antibody  in  tissue  culture  and  to  deter- 
mine if  this  antibody,  like  the  dye  test  antibody,  requires 
properdin  and  complement  and  (b)  the  enzymes  of  the  organism 
in  an  attempt  to  elucidate  the  mechanism  of  its  intracellular 
dependence . 

2)  Organ  cultures  of  muscle  and  brain  have  been  infected 
with  toxoplasmosis  in  the  hope  of  producing  pseudocysts.   If 
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these  occur,  antibody  will  be  added  to  the  cultures  to  determine 
whether  it  effects  cyst  formation  and  rupture. 

Rabbits  have  been  injected  subretinally  with  the  organisms 
to  produce  chronic  ocular  toxoplasmosis,  and  the  changes  of  the 
ocular  disease  with  immunization  of  the  animal. 

Proposed  Course  of  Project;  To  continue  the  testing  of 
aqueous  humor  and  serum  via  the  agar  diffusion  technique  and  to 
correlate  the  results  found  with  other  laboratory  tests  and 
clinical  response.   This  will  involve  paracentesia  and  examina- 
tion of  the  aqueous  humor,  observation  of  the  response  to  therapy, 
and  continuing  attempts  to  isolate  organisms  from  these  fluids 
in  tissue  culture. 

Methods  will  be  sought  to  apply  the  agar  diffusion  method 
to  different  antigens  and  to  increase  the  sensitivity  of  the  test. 


Part  B  included  Yes  j^l  No  fj 
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Part  B:   Honors,  Awards,  and  Publications 
Publications  other  than  abstracts  from  this  project: 


O'Connor,  G,  Richard.   Precipitating  Antibody  to  Toxoplasma:  A 
Follow-up  Study  on  Findings  in  the  Blood  and  Aqueous  Humor, 
American  Journal  of  Ophthalmology,  44:75-85  (Oct.  Pt.  II),  1957. 


Honors  and  Awards  relating  to  this  project:     None 
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Part  A. 


Prelect  Title;  Electron  Microscope  Studies  on  Epithelium, 

Capsule,  and  the  Fibers  of  the  Lens  and  on 
the  Epithelium  of  the  Ciliary  Body. 


Principal  Investigator;   The odor  Wanko,  M.D. 

Other  Investigators:   Ludwig  von  Sallmann,  M.D.  and  Mary  Ann 
Gavin,  M.S. 


Cooperating  Units;    None 


Man  Years  (calendar  year  1957):  Patient  Days;   None 

Total ;   .  05 
Professional:  .05 
Other:   .05 


Project  Description: 

I.  Lens 

Objectives:   The  ultra  structure  of  the  lens  is  being  inves- 
tigated in  order  to  establish  the  normal  characteristics  of  its 
tissue  elements  as  seen  in  the  electron  microscope.  Preparative 
procedures  had  to  be  re-evaluated  and  revised,  since  the  few 
available  data  on  this  subject  published  from  other  laboratories 
proved  to  be  inconclusive  and  limited  in  scope. 

Methods  Employed;  An  RCA  electron  microscope.  Model  EMU- 
3C,  is  used  in  these  studies.   Control  and  comparative  exami- 
nation is  carried  out  with  the  aid  of  phase  contrast  and  light 
microscopy. 

In  rabbits  and  rats  serial  investigations! ;have  been 
carried  out  to  determine  the  optimal  preservation  of  the  tissue 
for  the  present  study.   From  the  anesthetized  animal  the  lens 
was  removed  from  the  eye  in  situ  and  immersed  immediately  in 
the  fixation  medium.   This  procedure  proved  to  give  the  best 
results  when  compared  with  various  other  techniques.  Fixation 
time  has  been  varied  between  30  minutes  and  24  hours  at  diff- 
erent teBq>eratures.  The  lens  was  then  dehydrated  in  graded 
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series  of  alcohol,  dissectedj  amd  embedded  in  methacrylate. 
Adequate  sections  were  cut  on  a  Servall  ultramicrotome  and  trans- 
ferred on  collodion  filmed  grids  covered  with  a  fine  carbon  layer. 

Major  Findings;   Observations  on  lenses  of  22  rabbit  eyes, 
5  rat  eyes,  and  4  guinea  pig  eyes  reveal  that  the  optimal  fixa- 
tion medium  consists  of  1%  osmium  tetroxide  in  a  buffered  solu- 
tion (veronal  acetate,  pH  7,4)  applied  for  a  time  ranging  be- 
tween one  and  three  hours  at  room  temperature.   This  method 
provides  adequate  fixation  of  lens  epithelium,  superficial  layers 
of  lens  fibers  and  lens  capsule*  It  appears  that  the  optimal 
fixation  time  varies  for  the  different  parts  of  the  epithelium, 
obviously  depending  on  the  thickness  of  the  overlaying  capsule. 
For  specific  studies  on  the  lens  capsule  further  impregnation 
with  1%  phosphotungstic  acid  enhances  contrast  and  structural 
detail  of  the  material. 

The  past  investigation  has  been  primarily  concerned  with 
the  normal  structure  of  the  lens  epithelium  in  the  adult  animal. 
The  general  cytological  pattern  and  the  morphological  relation- 
ship of  epithelial  cells  to  capsule  and  fibers  is  similar  in 
the  species  studied.   In  all  types  of  lens  epithelial  cells, 
four  major  cytoplasmic  constituents  can  be  observed.   These 
ultrastructures  include:  mitochondria,  endoplasmic  reticulum 
of  the  granular  type,  endoplasmic  reticulum  of  the  agranular 
type,  a  structure  which  is  suggestive  of  Golgi  equivalent,  and 
elongated,  very  small  vesicular  components.   The  regions  of  the 
lens  epithelium  are  delineated  as  central  zone,  intermediate 
zone,  and  peripheral  (equatorial)  zone.   It  is  difficult  to 
evaluate  quantitatively  these  cytoplasmic  components;  however, 
it  appears  that  the  endoplasmic  reticulum  is  the  preponderant 
element  in  the  central  and  intermediate  zones,  whereas  mito- 
chondria predominate  in  the  peripheral  part.  Golgi  equiva- 
lents and  sm.all  vesicles  seem  equally  distributed  in  all  areas. 
Cell  nuclei  are  represented  as  round  or  ovoid  rather  homogeneous 
profiles,  outlined  by  a  double  membrane.   They  are  more  opaque 
than  the  surrounding  cytoplasm  and  their  periphery  sometimes 
appears  indented.   Nucleoli  can  be  observed  as  irregularly 
formed  densities  within  the  body  of  the  nucleus. 

Cursory  examinations  of  lens  fibers  show  that  they  immedi- 
ately adjoin  the  epithelial  layer,  separated  from  the  epithelium 
and  from  each  other  only  by  the  usual  intercellular  space  between 
the  double  membrane.   They  contain  mitochondria,  small  vesicular 
components,  and  in  some  instances  nuclear  material. 

The  lens  capsule  seems  to  be  composed  of  filaments  of  in- 
determinate length  in  a  parallel  array  with  a  diameter  of  approx- 
imately 160  A.   Sometimes  filamentous  elements  of  a  diameter 
ranging  between  25  to  32  %   are  resolvable. 
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Significance  to  Program  of  Institute;   The  various  areas  of  the 
lens  epithelium  which  differ  biologically  and  physiologically  from 
each  other  seem  to  possess  also  morphological  variations,  which 
might  be  related  to  their  functions,  A  study  on  lenses  of  the  new- 
born is  in  progress  at  the  present  time,  in  order  to  explore  the 
possibility  that  these  regional  morphological  variations  found  in 
the  adult  may  be  related  to  or  characteristic  of  function  and  age. 

The  information  thus  far  compiled  on  the  lens  epithelium  can 
serve  as  a  basis  for  the  evaluation  of  pathological  changes  arti- 
ficially induced  by  cataractogenic  agents. 

Proposed  Course  of  Project:   The  study  on  the  normal  lens 
will  be  extended  to  specimens  of  the  newborn  animal  and  to  lenses 
of  monkeys.   These  investigations  have  been  initiated.   Comple- 
tion of  the  examination  of  capsule  and  lens  fiber  is  forthcoming. 

The  observation  of  action  of  cataractogenic  agents  will  soon 
be  initiated. 


II.   Ciliary  Body 

Objectives;   Information  on  the  ultrastructure  of  the 
ciliary  body  may  give  a  lead  to  the  understanding  of  the  function 
of  this  epithelium  and  the  role  it  plays  in  the  formation  of 
aqueous  humor. 

Methods  Employed;   (As  in  I.) 

The  ciliary  body  of  the  albino  rabbit  is  selected  as  the 
source  of  material  in  this  study.   The  preparation  of  specimens 
consists  of  fixation  in  1%  osmium  tetroxide,  dehydration,  imbed- 
ding in  methacrylate  and  sectioning  on  a  Servall  ultramicrotome. 

Major  Findings;   Preliminary  observations  show  that  the 
ciliary  epithelium  is  mainly  characterized  by  numerous  infold- 
ings  of  the  cytoplasmic  membrane  towards  the  posterior  chamber 
of  the  eye.   The  cytoplasmic  components  consist  of  mitochondria, 
endoplasmic  reticulum,  Golgi  material,  and  vesicular-like 
structures  interpreted  as  connected  with  secretory  functions. 

Significance  to  Program  of  Institute:   These  findings 
duplicate  results  which  have  been  published  since  this  project 
was  conceived.   They  support  the  opinion  that  the  ciliary  epi- 
thelium is  engaged  in  fluid  transfer,  and  is  probably  involved 
in  active  secretion. 

Proposed  Course  of  Project;   It  is  planned  to  investigate 
the  structural  appearance  of  the  ciliary  epithelium  during 
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functional  changes  induced  by  sympathomimetic  and  parasympatho- 
mimetic drugs  and  by  application  of  carbonicanhydrase  inhibitors . 
This  study  will  begin  after  the  completion  of  one  of  the  current 
projects. 


I 
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1 ,  Ophthalmology  Branch 

2,  Cytology  and  Histo- 

pathology  Section 

3.  Bethesda,  Maryland 

4.  Same  as  NINDB-14(c) 


Part  A. 


Project  Title;  Electron  Microscope  Studies  on  Development  and 
Morphology  of  the  Optic  Nerve. 


Principal  Investigators;   Theodor  Wanko,  M.D.  and  J,  Godwin 

Greenfield,  M.D. 


Other  Investigator; 


Mary  Ann  Gavin,  M.S. 


Cooperating  Units; 


None 


Man  Years  (calendar  year  19  57) 
Total :  .  05 
Professional :  .  05 
Other:  ,05 


Patient  Days:  None 


Objectives:   To  study  the  ultrastructural  characteristics 
of  the  optic  nerve  with  special  regard  to  the  size  of  its 
fibers,  the  thickness  of  the  myelin  layers  and  the  relation- 
ship between  the  neuronal  structure  and  the  glial  elements. 

Methods  Employed:   An  RCA  electron  microscope,  Model 
EMU-3C,  is  used  in  these  studies.   Control  and  comparative 
examination  will  be  carried  out  with  the  aid  of  phase  con- 
trast and  light  microscopy. 

Optic  nerve  material  of  the  rat  and  frog  has  been  pre- 
pared starting  fixation  with  osmium  tetroxide  1%   in  veronal 
acetate  buffer  in  vivo  and  continuing  after  dissection, 
followed  by  dehydration,  imbedding  iu  methacrylate  and  sec- 
tioning on  a  Servall  ultramicrotome . 

Major  Findings:   Preliminary  observations  of  the  prepared 
optic  nerves  reveal  in  cross-section  myelin  sheaths  of  diff- 
erent thicknesses  around  individual  axons.   The  appearance 
of  the  less  myelinated  fibers  is  comparable  to  findings  on 
delta-fibers  whereas  the  heavily  myelinated  structures  re- 
semble A-fibers.   An  identification  of  the  various  glial 
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elements  and  their  relationship  to  the  optic  nerve  fibers  in 
the  adalt  animal  seems  to  be  difficult  and  requires  further 
investigation. 

Significance  to  Program  of  Institute;   The  work  on  the 
optic  nerve  is  of  interest  from  several  viewpoints:  the  deter- 
mination of  the  thickness  of  the  individual  nerve  fibers  and 
their  myelin  layers  might  contribute  to  an  explanation  of  cer- 
tain  physiological  properties;  the  knowledge  of  the  relation- 
ship between  fibers  and  glia  cells  would  clarify  the  problem 
of  myelination  in  the  central  nervous  system;  it  could  also 
lead  to  a  better  understanding  of  demyelination. 


i 


Proposed  Course  of  Project;  Investigation  on  normal 
adult  optic  nerve  will  be  continued.  Sauries  from  newborn 
and  very  young  rabbits  will  be  studied  to  explore  the  process 
of  myelination  in  its  initial  phase. 


Part  B  included  Yes  /_/  No  /x^/ 
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Part  As 


Project  Titles  Electron  Microscope  Studies  on  Biopsies  of  Human 
Muscle  Diseases 


Principal  Investigators;  J,  Godwin  Greenfield j  MoD. 

Theodor  Wanko,  M.D, 

Other  Investigators ;  Mary  Ann  Gavin,  M.  S, 


Man  Year  (calendar  year  1957) s        Patient  Days; 
Total?  .05 
Professional  %     ,  05 
Others  .05 


Objectives s  To  determine  by  means  of  the  electron  microscope 
detectable  changes  in  various  human  dystrophic  muscle  diseases  as 
compared  with  normal  tissue. 

Methods  Employed s  Material  obtained  from  muscle  biopsies  on 
hiunan  subjects  with  muscle  dystrophies  of  various  kinds  are  immersed 
immediately  after  excision  in  \%   osmium  tetroxide  for  fixation.  This 
is  followed  by  dehydration  and,  in  some  cases,  by  additional  impreg- 
nation with  \%   phosphotungstic  acid,  imbedding  in  methacrylate  and 
sectioning  on  a  Servall  ultramicrotome. 

An  RCA  electron  microscope,  Model  EMU-3C,  is  used  in  these 
studies.  Control  and  coraparitive  examination  is  carried  out  with 
the  aid  of  phase  contrast  and  light  microscopy. 

Thus  far^  the  samples  from  the  following  cases  have  been  ob- 
tained; U   cases  of  progressive  muscular  dystrophy,  2  cases  of  myotonic 
dystrophy,  1  case  of  flabby  infant;,  1  case  of  Friedreich's  ataxia, 
1  dystrophy  of  unknown  origin,  1  normal  sample. 

Major  Findings  %     After  preliminary  preparative  studies  on 
normal  cat  muscle  which  revealed  basically  identical  structural 
patterns  as  known  from  other  investigations  on  striated  muscle, 
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observation  on  the  normal  human  sample  and  on  specimens  of  the  two 
cases  of  myotonic  dystrophy  and  on  one  case  of  progressive  muscular 
dystrophy  have  hegwn.„     The  study  is  in  progress  and  no  conclusive 
data  are  as  yet  available. 

Significance  to  Program  of  Institutes  It  is  possible  that 
significant  morphological  differences  between  normal  and  dystrophic 
muscles  might  yield  some  insight  in  the  mechanisms  involved  in  these 
diseases. 

Proposed  Course g  Further  collection  of  samples  of  dystrophic 
muscular  diseases  is  planned.   It  seems  necessary  to  examine  several 
representative  specimens  before  any  valid  conclusions  can  be  reached, 
The  further  course  of  the  project  depends  on  the  results  obtained 
from  the  present  study. 
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Part  As 


Prdect  Titles  Electron  Microscope  Studies  on  Biopsies  of  Human 
Muscle  Diseases 


Principal  Investigators;  Jo  Godwin  Greenfield,  M,Do 

Theodor  Wanko,  M.D, 


Man  Year  (calendar  year  1957) s        Patient  Days: 
Total?  .05 
Professionals  .05 
Others  .05 


Objectives  t     To  determine  by  means  of  the  electron  microscope 
detectable  changes  in  various  human  dystrophic  muscle  diseases  as 
compared  with  normal  tissue. 

Methods  Employed s  Material  obtained  from  muscle  biopsies  on 
human  subjects  with  muscle  dystrophies  of  various  kinds  are  immersed 
immediately  after  excision  in  1%   osmium  tetroxide  for  fixation.  This 
is  followed  by  dehydration  and,  in  some  cases,  by  additional  impreg- 
nation with  1%   phosphotungstic  acid,  imbedding  in  methacrylate  and 
sectioning  on  a  Servall  ultraraicrotome. 

An  RCA  electron  microscope.  Model  EMU-3C,  is  used  in  these 
studies.  Control  and  comparitive  examination  is  carried  out  with 
the  aid  of  phase  contrast  and  light  microscopy. 

Thus  far^  the  samples  from  the  following  cases  have  been  ob- 
tained; U   cases  of  progressive  muscular  dystrophy,  2  cases  of  myotonic 
dystrophy,  1  case  of  flabby  Infant,  1  case  of  Friedreich's  ataxia, 
1  dystrophy  of  unknown  origin,  1  normal  sample. 

Ma jor_Findlngs  s  After  preliminary  preparative  studies  on 
normal  cat  muscle  which  revealed  basically  identical  structural 
patterns  as  known  from  other  investigations  on  striated  muscle, 
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observation  on  the  normal  human  sample  and  on  specimens  of  the  two 
cases  of  myotonic  dystrophy  and  on  one  case  of  progressive  muscular 
dystrophy  have  begun.  The  study  is  in  progress  and  no  conclusive 
data  are  as  yet  available. 

Significance  to  Program  of  Institutes  It  is  possible  that 
significant  morphological  differences  between  normal  and  dystrophic 
muscles  might  yield  some  insight  in  the  mechanisms  involved  in  these 

diseases. 

Proposed  Courses  Further  collection  of  samples  of  dystrophic 
muscular  diseases  is  planned.   It  seems  necessary  to  examine  several 
representative  specimens  before  any  valid  conclusions  can  be  reached, 
The  further  course  of  the  project  depends  on  the  results  obtained 
from  the  present  study. 
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Part  A, 


Project  Title;   Sttudy  on  the  Innervation  of  the  Anterior 
Chamber  Angle.  (Part  II:  The  origin  of 
Trabecular  Axons  Revealed  by  Degeneration 
Experiments.) 


Principal  Investigator:  Monte  G.  Holland,  M.D. 

Other  Investigators;  Ludwig  von  Sallmann,  M.D.  and  Eleanor  Collins 

Cooperating  Units;    None 


Man  Years  (calendar  year  1957):  Patient  Days:   None 

Total:  .05 
Professional:  ,05 
Other:  .05 


Project  Description: 

Objectives:   In  the  first  part  of  the  study,  reported  last 
year,  it  was  shown  that  the  trabecular  area  of  the  chamber  angle 
contains  a  great  number  of  delicate  arborizing  axons  in  a  plexi- 
form  arrangement  which  terminate  as  free  axonal  filaments  on  the 
surface  of  the  trabeculae,  Schleram's  canal  and  collector  channels. 
It  is  the  purpose  of  the  present  work  to  determine  the  origin  of 
these  axons  by  degeneration  studies.   It  was  thought  that  the 
investigation  might  pro"iyide  information  useful  in  elucidating 
the  overall  problem  of  nervous  influences  on  the  regulation  of 
the  intraoc«slar  pressure. 

Methods  Employed:   Various  forms  of  silver  staining  and 
vital  methylene  blue  staining  were  modified  to  study  the  trabec- 
ular meshwork  for  the  presence  of  degenerating  axons  after  per- 
foxrming  the  following  four  denervation  procedures  on  albino 
rabbits:  opticociliary  neurotomy,  ciliary  ganglionectomy, 
superior  cervical  ganglionectomy  and  trigeminal  neurotomy. 

Major  Findings;   The  observations  on  the  four  groups  of 
experiments  provide  evidence  that  the  axons  in  the  trabecular 
meshwork  derive,  from  at  least  three  sources:   the  sympathetic 
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aad  parasympathetic  division  of  the  autonomic  nervous  system  and  the 
fifth  cranial  nerve =   The  relative  proportions  of  fibers  which  be- 
long to  the  three  sources  and  contribtJte  to  the  complicated  arrange- 
ment of  the  fibers  in  various  planes  of  the  meshwork  could  not  be 
quantitated  but  only  roughly  approximated.   After  opticociliary 
neurotomy,  the  angle  structures  appeared  completely  depleted  of 
nervous  elements.   Following  ciliary  gangllonectomy,  the  number  of 
degenerative  fibers  was  appreciable,   This  number  was  considerably 
less  after  the  two  remaining  procedures  had  been  carried  out.   The 
morphological  characteristics  of  the  degenerating  and  regenerating 
axons  in  the  three  experimental  groups  were  indistinguishable. 
It  remains  unexplained  why  the  overall  density  of  innervation  was 
not  strikingly  diminished  after  any  of  the  procedures  except 
opticociliary  neurotomy. 

In  addition  to  this  main  subject  of  the  study  the  neuro- 
histology of  the  trabecular  meshwork  of  the  human  eye  was  examined. 
The  observation  on  the  normal  pattern  will  serve  for  comparison 
with  findings  on  glaucomatous  eyes  when  such  preparations  become 
available. 

Significance  to  Program  of  Institute:   The  part  played  by 
central  nervous  impulses  on  the  regulation  of  the  intraocular 
pressure  is  still  obscure,  although  information  obtained  from 
physiological  studies  carried  out  in  the  Branch  and  confirmed  by 
other  groups  of  investigators,  point  to  the  existence  of  such  a 
mechanism.   Providing  morphological  proof  that  axons  of  specific 
origin  participate  in  the  innervation  of  an  area  of  critical  im- 
portance for  the  outflow  of  aqueous  humor  is  considered  as  a 
necessary  step  for  arriving  at  a  tentative  correlation  of  ana- 
tomical and  physiological  features. 

Proposed  Course  of  Project:   It  is  planned  to  apply  the 
techniques  worked  out  in  this  and  the  preceding  study  on  dis- 
eased human  eyes  which  become  available  either  on  autopsy  or 
after  enucleation  for  glaucoma. 
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Part  B:   Honors,  Awards  and  Publications 
Publications  other  than  abstracts  from  this  project: 


Holland,  M,  G. ;  von  Sallmann,  L.  and  Collins,  E.  M. ,  A  Study  of  the 
Innervation  of  the  Chamber  Angle.   Part  II:  The  origin  of  Trabecular 
Axons  Revealed  by  Degeneration  Experiments,  American  Journal  of 
Ophthalmology,  44:206-221  (October,  Part  II),  1957, 
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3.  Bethesda,  Maryland 

4.  Same  as  NINDB-21(c) 


Part  A. 


Project  Title:   Study  of  Submicroscopic  Structures  of  Lons  Tissue 
Components  by  Phase  Contrast  Microscopy, 


Principal  lavestigators:   Samuel  Aronson,  M,D. ;  Ludwig  von  Sallmann,  M.D. 
Other  Investigator:      Leo  Caravaggio,  M,,S«, 


Cooperating  Units: 


None 


Man  Years  (calendar  year  1957) 
Total:  .05 
Professional:  ,05 
Other:  .05 


Patient  Days  (calendar  year  1957) 


None 


Project  Description: 

Objectives;  Studies  of  ocular  tissue  elements  by  phase  contrast 
techniques  have  been  carried  out  during  the  past  five  years  by  sev- 
eral investigators,  but  the  technical  approaches  selected  by  them 
provoke  doubt  as  to  the  correctness  of  Interpretation,  since  obvious 
artefacts  in  the  published  photomicrographs  are  considerable  in 
extent  and  nuniber.  Thus  It  seemed  advisable  to  apply  newer  tech* 
niques  for  gaining  information  on  submicroscopic  structures  of 
ocular  cell  elements  obtained  from  in  vivo  material  as  well  as  from 
organ  culture  techniques.  With  the  results  of  investigations  on 
normal  cellular  material  as  the  basis,  the  effect  of  various  phys- 
ical and  chemical  noxae  and  the  prevention  of  such  effects  could 
be  initiated.   The  purpose  of  this  study,  then,  is  first  the 
broadening  of  our  knowledge  of  fine  cell  structures  and,  second, 
of  induction  and  interception  of  injurious  effects  on  a  cellular 
level.   Uork  on  the  problems  of  pharmacodynamics  and  the  influence 
of  deficiency  states  on  cells  also  fall  under  this  project. 

Methods  Employed:   Tissue  culture  techniques  have  been  carried 
out  on  newborn  and  embryo  rat,  mouse,  rabbit,  and  chick  tissues. 
Clot  cultures  of  lens  epithelium,  and  lens  fibers  have  been  set  up 
on  cover-slips  in  roller  tubes.   The  outgrowth  of  epithelial  cells 
is  studied  by  means  of  phase  microscopy  (living  material)  and 
bright  field  microscopy  (stained  and  fixed  material), 
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Dispersed  lens  epithelial  cells  will  be  studied  on  slide  and 
suspension  cultures.   Dispersing  techniques  based  on  the  use  of  trypsin 
and  versene  will  primarily  be  used.-   Single  cells  will  be  studied  by 
phase  and  bright-field  techniques. 

Lens  epithelium  sheets  and  single  cells  will  be  studied  con- 
tinuously by  means  of  time-lapse  cine-photomicrography.   Sealed 
paraffin  chambers  (short  term  observation)  and  perfusion  chambers 
(Rose  type)  will  be  used,   Cataractogeisic  agents  (e.g.  dinitrophenol , 
alloxan,  galactose)  will  be  employed  in  perfusion. 

Organ  cultures  of  whole  lenses,  and  of  lens  components  have 
been  cultivated  by  the  raft  technique-   Stained  sections  of  the  lens 
in  organ  culture  are  compared  with  in  vivo  lenses  fixed  at  similar 
chronologic  developmental  stage.   Organ  cultures  inoculated  with 
cataractogenic  agents  will  be  compared  with  controls. 

Major  Findings;  Attempts  have  been  made  to  grow  lens  epi- 
thelium through  the  above  described  methods.   Outgrowth  of  lens 
epithelial  cells  of  chick  and  rat  have  been  demonstrated,  but  sheet 
and  monolayer  formation  have  been  unsatisfactory  for  photomicro- 
graphy.  However,  studies  have  been  made  of  cellular  outgrowths 
from  primary  explants. 

Organ  cultures  of  ll=day=old  chick  embryo  lenses  have  been 
fixed  at  4-day  intervals  up  till  20  days.   These  have  been  com- 
pared with  in  vivo  control  chick  lenses   The  lenses  in  organ 
culture  appear  to  grow  only  slightly  during  the  culture  process 
and  are  much  smaller  than  the  equivalent  control  lemses.  Histo- 
logic sections  of  the  cultures  and  control  lenses  have  not  yet 
been  studied^ 

Time-lapse  cine -photomicrography  has  not  been  started  as  tech- 
nical equipment  is  still  being  procured. 

Significance  to  Program  of  Institute;  At  present  the  infor- 
mation on  ocular  cytology  of  the  eye  and  the  effect  of  injurious 
agents,  situations,  and  pharmacologically  active  compounds  on 
cells  are  based  mainly  on  the  examination  of  fixed  and  stained 
material.   It  can  be  expected  that  new  insight  into  physiological 
and  pathological  processes  will  be  achieved  by  the  outlined  techniques. 
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Part  A. 

Project  Title:  A  Study  of  the  Proteins  of  the  Lens 

Principal  Investigators  Robert  A.  Resnik^  Ph,D„ 
Other  Investigators      Edith  Kolacskovszky,  B<,At 


Cooperating  Units ; 


None 


Man  Years  (calendar  year  1957) 
Totals  1.5 
Professionals   ,5 
Other  s  1 


Patient  Dayss  None 


Project  Descriptions 

Objectives s  The  fractionation  of  the  lens  protein.  Any 
one  fraction  that  is  obtained  will  be  used  for  the  determina- 
tion of  molecular  weight  and  in  dye  binding  studies,,  These 
data  will  be  used  to  characterize  the  proteins  from  normal 
and  abnormal  lenses  of  various  species. 

Methods  Employed;  The  ultracentrifuge  and  electro- 
phoresis will  be  used  to  determine  homogeneity..  Character- 
ization of  these  proteins  by  comparison  with  other  proteins 
will  be  carried  out  by  physical --chemical  technics  -. 

Major  Findings;  The  following  pgirameters  were  deter- 
mined for  the  alpha  crystallin  of  calf  lens  % 


Sedimentation  coefficient 
Diffusion  coefficient 
Apparent  specific  volume 
Molecular  weight 


18.8  X  10 


-13 


1  78  X  10 


0  74 


1  X  10 


^/a 


From  the  results  of  viscosity  studies^  alpha  crystallin 
has  been  found  to  behave  as  a  typical  polyelectrolyte  in  that 
its  viscosity  increases  at  higher  dilutions  between  pH  3  and  10. 
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In  addition,  alpha  crystallin  shows  a  pH  dependence  when  the  values 
for  reduced  viscosity  are  plotted,   Below  pH  3  the  slopes  are  zero 
or  negative,  while  between  pH  2  and  3  the  slopes  are  positive. 

At  pH  2.5  in  the  presence  of  0  1  M  NaCl  alpha  crystallin 
forms  a  rather  viscous  solution, 

Significance  to  Program  of  Institute;  While  much  data  are 
available  on  the  shape,  electrostatic,  and  chemical  properties 
of  other  proteins,  these  data  are  not  known  for  lens  proteins. 
It  is  possible  that  some  basis  to  explain  changes  in  the  trans- 
pgirency  of  the  lens  will  be  forthcoming  from  this  work. 

Proposed  Course  of  Projects  The  viscosity  studies  will  be 
continued.  The  effect  of  pH  on  the  physical -chemical  prop- 
erties of  alpha  crystallin  will  be  studied.  The  interaction 
of  alpha  crystallin  with  small  molecules,  both  organic  and 
inorganic,  is  also  contemplated. 
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Publications  other  than  abstracts  from  this  project t 


Resnik,  Robert  A.,  Lens  Proteins  I,  Alpha  Crystallin  of  Calf  Lens, 
American  Journal  of  Ophthalmology,  44:357-362  (November,  Ft.  2),  1957. 
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Part  A. 


Project  Title:   An  Investigation  of  the  Enzymatic  Systems  of 
Cornea  and  Lens 


Principal  Investigators:   Robert  E.  Kuhlman,  M.D.  and  Robert  A. 

Resnik,  Ph.D. 


Other  Investigators: 


None 


Cooperating  Units: 


None 


Man  Years  (calendar  year  1957) 
Total :   1.5 
Professional:   1.5 
Other:   --- 


Patient  Days:   None 


Project  Description: 

Objectives;   This  project  consists  of  three  parts:   1)   to 
study  the  activity  of  various  enzyme  systems  in  the  cornea  and 
lens  at  various  stages  of  development,  2)  to  study  the  enzymatic 
activity  of  corneal  epithelium,  after  direct  exposure  to  x-irradi- 
ation,  and  3)  to  develop  a  micro-chemical  method  for  the  assay 
of  glutathione  reductase. 

Methods  Employed:   In  both  phases  1)  and  2)  of  this  project 
the  activity  of  various  enzyme  systems  will  be  determined  on 
frozen-dried  sections  of  tissue  using  micro-chemical  technics. 
The  systems  to  be  studied  are  isocitric  -,glucose-6-phosphate  -, 
glutamic  -,and  lactic  dehydrogenases.   In  addition,  hexokinase 
and  aldolase  will  be  studied.   1)  For  the  purpose  of  following 
developmental  changes  the  rat  is  used.   Material  is  selected 
from  newborn^,  10-day,  20-day,  and  100-day  (adult)  rats.   2) 
The  corneas  of  rabbits  are  exposed  to  1000  r  of  x-rays.   The 
animals  are  divided  into  two  groups,  one  group  to  be  sacri- 
ficed at  4  days,  the  other  at  14  days  after  irradiation. 
3)  Fresh  and  lyophilized  liver  and  brain  will  be  assayed  for 
glutathione  reductase.   The  effect  of  storage  and  freeze 
drying  on  this  enzyme  will  thus  be  determined.   The  effects 
of  dilution  will  also  be  determined.   Once  this  has  been  de- 
termined, glutathione  reductase  activity  will  be  determined  in 
cornea  and  lens. 
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Major  Fimdiags;   1)  At  birth  the  rat's  eye  is  eazymatically 
less  active  than  it  is  at  a  later  stage  of  development.   Ck>rseal 
epithelium  increases  while  cormeal  stroma  decreases  im  activity. 
Lens  c«|>sule  plus  epithelium  reaches  higher  levels  of  activity 
thasi  does  leas  cortex.  Less  ssucleus  has  very  low  levels  of  ac- 
tivity. Lactic  dehydrogenase  has  the  highest  activity  of  all 
the  systems  studied.  Hexokisiase  appears  to  be  the  limitimg 
system  at  all  stages  amd  is  all  tissues  studiedo   2)  Ho 
change  in  hexokinase  activity  is  foumd  either  4  or  14  days 
after  irradiation.  At  the  4th  days  however,  there  is  a 
slight  fall  in  isocitric  dehydrogenase.   3)  It  is  possible 
to  determine  a  glutathione  reductase  activity  of  100  milli- 
moles  per  kilogram  of  dry  weight  of  tissue  in  samples  weighing 
2  micrograms.   The  enBjrme  withstands  freeze  drying. 

Significance  to  Program  of  Institute:   1)  A  general 
understanding  of  the  developmefetal  biochemistry  of  the  eye 
would  be  useful  in  understanding  the  biochemistry  of  the 
normal  eye.   2)  The  damaging  effects  of  irradiation  on  whole 
organisms,  and  the  eye  itself,  are  well  established.  This 
study  is  intended  to  determine  the  specific  effects  of  x-rays 
on  the  cornea.   3)  Lens  and  cornea  contain  large  quantities 
of  glutathione.   These  levels  exceed  those  in  many  of  the  or- 
gans of  the  body.   The  level  of  reduced  glutathione  decreases 
in  the  diseased  lens.   It  is  therefore  desirable  to  determine 
the  activity  of  glutathione  reductase  in  normal  and  diseased 
lens  and  cornea. 

Proposed  Course  of  Project;   1)  The  glutathione  reductase 
system  will  be  studied  when  the  method  for  its  assay  has  been 
more  completely  worked  out,   2)  To  determine  the  activity  of 
lactic  and  glucose-6-phosphate  dehydrogenases  of  the  corneal 
epithelium.   In  addition  the  number  of  animals  used  in  this 
project  will  be  increased.   3)  The  inhibitory  effects  of 
reduced  glutathione  on  glutatl^ione  reductase  system  must  be 
more  clearly  established.   In  addition  the  effect  of  dilution 
on  this  system  will  be  determined. 
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The  activity  of  the  Branch  has  been  divided,  as  in  the  past 
years,  between  research  and  routine  diagnostic  service.     Since  the 
last  report  up  to  the  date  this  report  is  being  m-itten  (November  30), 
a  total  of  1557  electroencephalographic  examinations  have  been  carried 
out.     This  service  has  been  provided  for  the  entire  Clinical  Center, 
as  shown  by  the  distribution  of  patients  in  the  following  table: 

NCI 370 

NHI 30 

NIAMD 68 

NI4I 52 

NIMH 38 

NINDB ^   999 

Total  1,557 

In  collaboration  with  the  Branch  of  Neurological  Surgery,  26 
electrocorticographic  studies  were  perforned  during  surgical  exposure 
of  the  cerebral  cortex  in  epileptic  patients.     In  addition,-  on  10  sub- 
jects  (epileptic)  extensive  studies  were  carried  out  witxi  chronically 
irrplanted  electrodes  within  the  depth  of  the  brain  and  simultaneously 
from  the  cortical  surface. 

It  must  be  mentioned  that  although  the  largest  number  of  patients 
was  studied  electrographically  because  they  would  fit  into  one  or 
several  research  projects  of  our  Institute,  many  examinations  vjere 
also  carried  out  as  a  requested  adjunct  to  research  projects  of  other 
Institutes,   and  this  involved  a  considerable  portion  of  the  activity 
of  the  Branch.,     This  expanded  activity  has  required  the  addition  of 
a  third  EEC  apparatus  which  is  now  in  function  in  the  Out  Patient  De- 
partment. 

A  total  of  ten  research  projects  have  been  completed  or  are  under 
study.     Of  these,   four  are  new,   four  are  continuations  of  projects 
previously  outlined  in  the  preceding  report,   and  two  are  in  program 
in  the  recently  reactivated  Section  of  Clinical  NeurophysiologT". 

Contim-'^t-ions  of  previously  outlined  research  projects  are: 
78C,79C,82G,8iiC    .     These  all  represent  different  approaches  to  the 
problem  of  focal  cerebral  seizures  and,  in  particular,    to  the  problem 
of  temporal  lobe  epilepsy. 

Project  8i|C  emphasizes  the  electrocorticographic  aspects,  i.e., 
the  study  of  the  electrical  activity  as  recordable  acutely  from  the 
exposed  cortex  in  the  course  of  surgery.     This  study  is  of  particular 
practical  significance  in  view  of  the  fact  that  very  often  the  extent 
of  the  excision  or  the  decision  for  carrying  out  or  not  carrying  out 
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the  excision  itself  will  depend  entirely  upon  the  electrocortico- 
graphic  data,  regardless  of  the  previous  diagnosis.  The  valuable 
information  obtained  from  this  study  was  eventually  presented  at  a 
recent  Symposiiam  on  temporal  lobe  epilepsy.  Some  of  these  data 
are  now  in  press  in  a  volume  to  be  published  early  next  year. 

Project  78C  is  a  continuation  of  Project  8OC  of  the  previous 
report.  As  mentioned  last  year,  the  final  printed  monograph  has 
recently  been  published  and  distributed,  and  the  early  comments 
and  reactions  seem  to  be  more  than  favorable.  The  continuation  of 
this  project  seems  to  us  justifiable:  the  cortplexity  and  varia- 
bility of  the  epileptic  seizure  patterns  require  a  continuously  more 
detailed  analysis.  The  new  method  presently  in  use,  as  outlined 
in  the  project  description,  makes  this  analysis  possible. 

Two  papers  were  coii5)leted  in  relation  to  Project  79C  .  This 
project  was  started  last  year  and  is  planned  to  be  continued  during 
the  next  year.  The  method  of  chronically  implanted  electrodes  in 
humans  has  become  relatively  widespread  in  recent  times.  This  new 
method,  while  opening  new  horizons  in  the  study  of  the  electrical 
activity  of  the  human  brain,  also  raised  a  considerable  number  of 
questions  which,  for  the  moment,  cannot  be  answered.  Complex 
problems  like  the  accuracy  of  implantation  within  a  given  structure, 
identification  of  the  structure  itself  once  the  electrodes  are  in 
place,  determination  of  the  origin  of  a  given  abnormal  discharge, 
mechanism  of  spread  of  the  discharge  itself  from  one  to  another  area, 
are  but  a  few  of  those  created  by  the  new  technique.  In  view  of  the 
theoretical  risk  involved  in  this  procedure  of  implanted  electrodes 
in  humans,  a  very  careful  selection  had  to  be  done,  and  the  cases 
upon  which  this  study  can  be  performed,  of  necessity,  are  limited. 
Each  case,  however,  lends  itself  to  a  rather  extensive  study  and  is 
a  potential  source  of  very  valuable  data. 

Project  82C  (continuation  of  BliC  of  1956)  has  been  completed. 
This  was  carried  out  in  collaboration  with  the  Branch  of  Ejqjerimental 
Psychology  (IJIMH),  and  the  results  obtained,  after  being  processed 
through  a  vigorous  statistical  control,  appear  to  be  of  some  prac- 
tical use  in  the  differential  diagnosis  of  various  types  of  epileptic 
disorders. 

Among  the  new  projects.  Project  83C  is  also  related  to  the 
problem  of  epilepsy.  It  deals  with  the  relatively  unknown  autonomic 
components  in  the  course  of  temporal  lobe  automatism  and  with  the 
method  for  their  objective  demonstration.  This  project  is  described 
in  detail  in  the  report  of  the  Branch  of  Neurological  Surgery, 

Project  77c  deals  with  experimental  epilepsy.  This  is  a  new 
project:  the  experiments  were  carried  out  some  time  ago,  but  elabora- 
tion of  the  data  was  done  only  recently,  and  the  final  results  should 
be  published  in  the  near  future.  It  deals  with  the  puzzling  and  yet 
unexplained  mechanism  of  origin  and  development  of  an  electrographic 
seizure. 
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Another  project  which  approaches  the  problem  of  epilepsy  from 
an  experimental  standpoint,  is  Project  80C  .  This  is  carried  out 
in  collaboration  with  Howard  University,  and  its  object  is  the  in- 
vestigation of  the  mechanism  of  action  of  a  new  drug  (analogue  of 
nitrogen  mustard)  which  possesses  a  marked  convulsive  action  while 
inducing  characteristic  changes  in  the  electroencephalogram.  As 
these  changes  are  almost  superimposable  to  those  observed  in  cases 
of  human  "centrencephalic"  epilepsy,  the  significance  of  this  study 
is  obvious. 

Project  BX   is  carried  out  by  one  of  the  research  associates 
of  the  Branch.  It  concerns  the  anatomical-functional  substrate  of 
the  thalamic  non-specific  system  and,  more  specifically,  the 
mechanism  for  the  bilateral  responses  which  can  be  elicited  by 
repetitive  stimulation  of  this  system.  The  first,  chiefly  anatom- 
ical, portion  of  this  study  has  been  con5)leted  and  the  data  ob- 
tsdned  are  ready  for  publication.  Further  studies  are  contemplated 
for  the  coming  year  on  the  same  subject. 

The  Section  of  Clinical  Neurophysiology  was  without  a  chief 
investigator  for  almost  one  year.  The  position  has  been  filled 
only  recently,  and  the  Section  is  now  in  the  process  of  becoming 
organized  and  should  be  fully  activated  before  the  end  of  19^7 » 
Two  major  projects  are  outlined  in  the  program  of  this  Section. 
The  first, (85C  )deals  with  the  study  of  the  basic  mechanisms  of 
nerve  excitation  and  conduction  in  vertebrates.  The  other  (86C  ) 
has  as  its  object,  the  mechanism  of  transmission  with  particular 
enphasis  upon  the  study  of  the  pre-symaptic  terminals  and  the  de- 
termination of  the  substances  there  liberated. 

As  in  the  previous  year,  three  new  research  associates  have 
joined  our  Branch  in  1957.  Although  the  main  reason  for  their 
joining  the  Branch  has  been  to  obtain  training  in  both  clinical 
EEG  and  neurophysiology,  they  have  collaborated  very  actively  on 
several  researches  and  their  contribution  to  the  activity  and 
functioning  of  the  Branch  has  been  more  than  considerable.  There 
is  a  long  waiting  list  of  applications  for  research  associates  for 
the  coming  year,  but  unfortunately  the  problem  of  space  remains 
acute  and  represents  the  main  limiting  factor  for  their  acceptance* 

In  closing  this  report  the  Chief  of  the  Branch  wishes  to 
mention  the  technical  and  secretarial  staff  for  their  dedicated 
efforts  and  very  close  and  valuable  collaboration. 
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Project  Titles  The  mechanism  of  transition  of  inter-ictal  spiking 
foci  into  ictal  seiziire  discharges* 

Principal  Investigator  t       Bruce  Ralston^  M^  D^ 

Other  Investigators ;  None 

Cooperating  Units i  None 

Man  Years  (calendar  year  1957): 
""Totirr  ,.10 

Professional;  ,  10 

Other ;  .  10 

Project  Description; 

Objectives ;  These  are  outlined  by  the  title  itself » 

Methods  enployeds  This  was  a  purely  experimental  project  carried 
out  on  cats  (ijoj  and  monkeys  (5)o  Aqueous  Penicillin  was  used  to 
produce  a  variety  of  cortical  and  subcortical  epileptogenic  lesions, 
the  deep  lesions  being  made  stereotaxic ally.  Following  bilateral 
craniotomy,  continuous  recording  (Offner  ink^-writing  apparatus)  was 
carried  out  for  5-10  hours^  either  under  Pentothal,  ether,  local 
anesthesia  and  curare.. 

Major  findings;  The  inter -ictal,  random  spike  and  the  rhythmical 
seizure  discharge  are  intimately  and  specifically  related  in  the 
genesis  of  an  epileptic  seizure,  rather  than  the  former  being  only 
an  expression  of  the  latent  epileptic  condition  but  unrelated  to  the 
seizure  per  se«  In  over  90^  of  observed  seizures  in  cats  and  mon- 
keys, thds  was  not  the  commonly  accepted  relationship  (i.e.,  the 
increase  of  frequency  and  fusion  of  spikes  to  form  a  ''seizure" )  but 
rather  one  characterized  by  the  interpolation  of  a  new  and  different 
form  of  electrical  activity,  the  af terdischarge «,  The  behavior  and 
interrelationship  of  sporadic,  isolated  spikes,  spike  followed  by 
after  discharge,  and  seizvire  were  described  and  analyzed*  The  sig- 
nificance of  the  various  electrographic  patterns  in  the  problem 
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of  localization  of  epileptogenic  foci,  as  well  as  their  possible 
practical  value  in  human  epilepsy,  are  discussedo 

Significance  to  the  program  of  the  Institute;  The  significance  of 
these  data  obtained  ejqjerimentally  is  evident,  as  the  main  clinical 
project  of  this  Branch  and  of  the  Branch  of  Neurological  Surgery  is 
the  study  of  focal  epilepsy.  Some  of  the  obtained  results  make  it 
possible  to  establish  criteria  for  better  localization  of  epilepto- 
genic foci,  and  throw  some  light  on  the  mechanism  of  initiation  of  a 
"seizure". 

Proposed  course  of  the  project;  This  project  is  considered  complete. 
The  above-reported  findings  were  presented  at  the  Boston  meeting  of  the 
Academy  of  Neurology  in  April  1957., 
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Part  B;     Honors,  Awards,  and  Publications 
Publications  other  than  abstracts  from  this  project; 


Ralston,  B. :     The  mechanism  of  transition  of  inter-ictal  spiking  foci 
into  ictal  seizure  discharges.     Accepted  for  publication  by  EEG  &  Clin^ 
Neurophysiol,  1958  (in  press). 


Honors  and  Awards  relating  to  this  project: 
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Part  A, 

Project  title;  Analytical  study  of  focal  cerebral  seizures. 

Principal  Investigator:  Cosimo  Ajmone  Marsan,  M.  D, 

Other  Investigators;  Kristof  Abraham,  M.  D,  and  Jose  H.  Mateos,  M.D. 

Cooperating  Units;  None 

Man  Years  (calendar  year  1957): 
Total:  .10 
Professional:  .10 
Other:   .10 

Project  Description: 

Objectives :  This  project  is  a  continuation  of  the  study  which  was 
carried  out  in  the  previous  calendar  year  with  the  purpose  of  obtain- 
ing, as  the  title  implies,  a  more  detailed  information  on  seizure 
patterns  as  well  as  a  closer  time  relationship  with  their  electro- 
graphic  corr elates o 

Methods  employed:  The  main  difference  between  the  present  arxi  the 
previous  stuc3y  is  in  the  technique  of  recording  data.  General  de- 
tails of  the  method  were  outlined  last  year,  therefore,  only  im- 
portant differences  will  be  outlined  here,  A  new  photographic 
equipment  with  motor  is  now  available  which  allows  one  to  obtain  a 
continuous  series  of  single  frames  spaced  2  seconds  apart,  the  rhythm- 
ical opening  of  the  shutter  being  controlled  by  a  timer  which  simul- 
taneously sends  a  signal  which  is  recorded  in  the  EEG  tracing.  This 
enables  the  continuous  photographic  recording  of  all  the  pre-ictal, 
ictal  and  post-ictal  events,  and,  in  addition,  an  exact  correlation 
of  these  events  with  the  electrographic  changes.  The  method  is 
sxiperior  to  the  cinematography  employed  by  other  investigators  and 
offers  a  number  of  practical  advantages. 
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Major  findings;     Over  75  clinical  attacks  have  been  recorded  with 
the  new  method.     All  of  these  were  used  for  demonstration  and/or 
discussion  of  the  patient's  caseo     The  wealth  of  information  col- 
lected still  needs  to  be  processed,   and  no  major  findings  can  be 
reported  at  the  present  time. 

Significance  to  the  program  of  the  Institute;     This  project  is  closely 
related  to  that  regarding  teirporal  lobe  epilepsy  and,  in  general, 
focal  epilepsy,  -vrtiich  are  the  two  most  iugsortant  projects  of  the  Branch 
of  Neurosurgery, 

Proposed  course  of  the  project:     Collecting  further  cases  and  eventu- 
ally  analyzing  all  the  available  data.     The  possibility  of  preparing 
an  Atlas  to  illustrate  the  variability  of  the  focal  cerebral  seizure 
patterns  is  under  consideration. 
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Project  Title;  Implanted  electrodes  in  humans.  Depth  recording  and 
stimulation  in  epileptic  patients. 

Principal  Investigator ;  Cosimo  Ajmone  Marsan,  M.D. 

Other  Investigators;  K,  Abraham,  M.  D.  and  J.  Van  Buren,  M.D, 

Cooperating  Units?  None 

Man  Years  (calendar  year  1957) 
Totals  .10 
Professionals  ,10 
Others  .10 

Project  Descriptions 

Objectives:  To  study  the  electrical  activity  of  deeply  located 
structiires  and  of  the  cerebral  cortex  with  chronically  implanted 
electrodes.  This,  in  order  to  evaluate  the  information  obtained  by 
routine  scalp   EEG  and  to  gain  fijrther  diagnostic  information  from 
patients  who  are  candidates  for  surgery. 

Methods  employeds  Methods  and  material  were  out,lined  in  last  year's 
annual  report.  Since  the  beginning  of  this  project  a  total  of  13 
patients  was  studied  with  the  method  of  chronically  implanted  elec- 
trodes. 

Major  findings;  Gases  for  this  study  had  to  be  carefully  selected 
in  view  of  the  possible  risks  involved  in  the  technique,  and  for 
that  reason,  the  number  of  cases  remained  rather  small  to  allow  a 
complete  study.  Interesting  information  was  obtained  concerning 
the  morphology  and  topography  of  the  discharges  at  various  levels 
(extradural,  cortical  and  depth) j  the  chronological  relationship  of 
the  epileptiform  discharges  in  the  same  side  and  in  the  two  sides 
was  studied.  The  results  of  activation  with  either  Metrazol  or 
sleep  also  provided  useful  information.  A  more  detailed  study  was 
done  in  an  attempt  to  coitpare  the  pattern  of  the  discharges  at  the 
cortical  level  with  that  of  the  simultaneous  discharges  recordable 
with  the  routine  scalp  EEG.  It  was  found  that  a  considerable  number 
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of  epileptiform  discharges  are  present  at  a  cortical  level,  but  would 
not  be  recorded  with  the  routine  EBG«  A  certain  number  of  discharges 
will,  instead,  also  be  recorded  with  the  routine  EEG,  and  their  ampli- 
tude appears  to  be  directly  proportional  to  that  of  the  cortical  dis- 
charges. Another  group  of  abnormalities  will  also  be  recorded  with 
the  routine  scalp  electrodes,  but  their  amplitude  is  definitely  not 
related  to  that  of  the  original  discharges.  The  ratio  of  the  ajnpli- 
tudes  cortical-scalp  is  very  variable,  and  values  may  oscillate  from 
as  high  as  58  to  1,  to  as  low  as  2  to  1.  It  was  found  that  the 
method  employed  for  scalp  recording  (bipolar  or  monopolar)  and  the 
position  of  the  "indifferent"  electrode,  are  important  factors  in 
determining  the  values  of  these  ratios.  The  size  of  the  cortical  area 
involved  in  the  discharge  also  appears  important  in  determining  pres- 
ence and  anplitude  of  the  projected  discharge.  Amplitude  of  the 
"original"  discharge  and  extent  of  the  area  involved  by  the  discharge 
itself,  are  not  the  only  factors  responsible  for  presence  or  absence 
of  spread  to  the  scalp j  however,  the  morphology  of  the  discharge  shows 
no  characteristic  or  constant  features  to  suggest  its  role  in  the 
spread.  Cortical  spikes  do  not  seem  to  project  more  easily  or  more 
constantly  than  cortical  paroxysmal  waves,  and  the  duration  of  the 
spike  itself  is  immaterial  in  the  process  of  spread.  Regardless  of  the 
amplitude  of  the  original  cortical  discharge,  the  voltage  variations  of 
the  event  projected  to  the  scalp  are  comparable  to  those  of  the  event 
simultaneously  projected  to  deeply  located  structures.  The  preferential 
spread  to  the  different  scalp  electrodes  was  also  analyzed. 

Significance  to  the  program  of  the  Institutes  This  project  integrates 
with  the  other  projects  related  to  the  study  of  focal  epilepsy,  and  in 
particular,  teirporal  lobe  epilepsy  and  is  a  very  useful  correlate  study 
to  those  projects.  It  also  helps  in  the  understanding  of  the  routine 
scalp  electrogram. 

Proposed  course  of  the  projects  Fundamentally  unchanged.  Attempts 
will  be  made  to  better  localize  the  recording  and  stimulating  electrodes. 
Similar  analyses  are  in  program  to  congsare  deep  and  cortical  discharges, 
and  possibly  find  out  the  factors  responsible  for  presence  or  absence  of 
spread. 
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Part  B;  Honors,  Awards,  and  Publications 
Publications  other  than  abstracts  from  this  project: 


Ajmone  Marsan,  C.  and  Van  Buren,  J.:  Epileptiform  activity  in  cortical 
and  subcortical  structures  in  the  temporal  lobe  of  man.  -  in  Tenporal 
lobe  epilepsy,  A  Colloquium.,,. C.C.Thomas,  Springfield,  111,  in  press, 

Abraham,  K.  and  Ajmone  Marsan,  C:  Patterns  of  cortical  discharges  and 
their  relation  to  routine  scalp  electroencephalography.  Presented  at 
the  American  EEC  Association  meeting,  October  1957,  and  sent  for  publi- 
cation in  the  EEC  Journal. 
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Project  Title;  Investigations  on  the  effects  of  chlorambucil 
(CD  13ii8)  on  the  central  nervous  system. 

Principal  Investigators ;  S.  Tradhan,  M.D.  and  T,  F.  Enomoto,  M.D. 
Other  Investigators ;   C.  Ajmone  Marsan,  M.  D, 
Cooperating  Units:  Howard  University- 
Man  Years  (calendar  year  1957) 

Total :  .  10 

Professional:  .10 

Others:  .10 

Project  Description: 

Objectives;  To  study  mechanism  and  site  of  action  of  this  drug 
which  is  an  analogue  of  nitrogen  mustard  and  which,  when  injected 
intravenously,  produces  convulsions  and  characteristic  EEC  changes » 

Methods  employed;  This  investigation  is  carried  out  on  animals 
(rabbits  and  cats)  under  barbiturate  anesthesia  or  under  curai'e. 
Electrical  recording  is  performed  from  the  exposed  cortex  by  means 
of  standard  apparatuses  (Grass,  Offner  ink -writing  and  DuMont  CRO 
double  beam).  Various  lesions  are  placed  with  stereotaxic  techrjique 
by  means  of  high  frequency  coagulation  or  by  gross  sections  within 
subcortical  structures. 

Major  findings:  This  work  is  carried  out  in  collaboration  with  the 
Howard  University,  Interest  in  this  drug  was  aroused  by  the  fact 
that  the  electrographic  pattern  elicited  is  quite  comparable  to  that 
observed  in  human  epilepsy  of  c en tr encephalic  (petit  mal)  type. 
Only  about  10  experiments  have  been  carried  out  up  to  the  present 
time,  and  therefore,  no  definite  findings  can  be  reported,  however, 
in  view  of  the  fact  that  no  other  drugs  are  known  to  produce  such 
typical  EEC  changes,  this  investigation  appears  quite  promising^ 

Significance  to  the  program  of  the  Institutes  This  is  another  ex- 
perimental  approach  to  the  problem  of  epilepsy  with  the  hope  of 
obtaining  farther  information  on  the  mechanisms  underlying  the  so- 
called  centrencephalic  type  of  disorder. 

Proposed  course  of  the  project;   Continue  the  investigation  along 
the  same  lines. 
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Project  Title;  Unilateral  activation  of  the  non-specific  thalamic 
system  and  bilateral  cortical  responses. 

Principal  Investigator;  T.  F.  Enomoto,  M.  D, 

Other  Investigators;  None 

Cooperating  Units;  None 

Man  Years  (calendar  year  1957): 
Total:  .10 
Professional;  .10 
Other:  .10 

Project  Description; 

Objectives ;  Further  investigation  on  the  functional  anatomy  of  the 
non-specific  system  of  the  thalamus,  with  particular  emphasis  on  the 
bilateral  influences  of  this  system. 

Methods  employed;  These  experiments  are  carried  out  on  cats  under 
barbiturate  anesthesia.  Electrical  stimulation  of  subcortical 
structures  is  performed  by  means  of  steel  electrodes  inserted  and 
held  in  place  by  a  stereotaxic  instrument.  Square  pulses  of  various 
duration,  voltage  and  frequency  are  provided  by  a  Grass  stimulator. 
Cortical  recordings  are  made  with  oscilloscopic  and  ink-writing 
techniques  with  standard  apparatuses  (DuMont  ORG  and  Gffner  EEG). 
Lesions  in  various  subcortical  struct-ures  are  made  by  means  of  a 
high  frequency  coagulator.  Position  of  the  stimulating  electrode 
and  extent  and  topography  of  the  lesions  are  subsequently  confirmed 
by  histological  studies. 

Major  findings;  Although  it  is  ccmmonly  stated  that  stimulation  of 
the  non-diffuse  thalamic  system  yields  bilaterally  synchronous  and 
diffuse  responses,  in  practice  this  is  not  always  true,  and  very 
often  only  ipsilateral  responses  are  elicited.  By  a  careful  and 
detailed  study,  it  has  been  possible  to  outline  the  nuclei  whose 
stimulation  preferentially  produces  unilateral  responses  and  those 


0RP-2(a) 

which  are  instead  capable  of  controlling  the  activity  of  the  two 
hemispheres.  Although,  as  expected,  rhythmical  stimulation  further 
away  from  the  midline  is  less  likely  to  produce  bilateral  recruit- 
ing responses,  it  has  been  found  that  stimulation  of  structures 
located  as  far  as  3  mm  from  the  midline  can  still  yield  good  contra- 
lateral responses.  However,  the  so-called  bilateral  synchrony  is 
far  from  being  perfect,  and,  in  fact,  latencies  of  up  to  15  msec  can 
be  observed  between  the  ipsilateral  and  contralateral  recruiting  re- 
sponses. In  an  atiergst  to  investigate  the  pathway  or  pathways  in- 
volved in  the  contralateral  effects,  vai-ious  lesions  -  extensive  or 
more  or  less  discrete  -  were  placed  in  different  structtires  (corpus 
callosum,  anterior  or  posterior  commissural,  massa  intermedia,  etc.)* 
The  anterior  portion  of  the  massa  intermedia  appears  to  be  the  most 
important  pathway  for  the  bilateral  effect,  however,  the  corpus  callo- 
sum also  seems  to  play  a  role,  though  not  an  exclusive  one,  in  the 
bilateral  mechanism. 

Significance  to  the  program  of  the  Institute ;  The  system  under  in- 
vestigation seems  to  be  involved  in  certain  types  of  epileptic  dis- 
orders, and  yet,  recent  studies  demonstrating  the  lack  of  bilateral 
"synchrony"  in  cases  of  human  3/sec  spike-and-wave  discharges,  have 
been  considered  good  evidence  against  the  role  of  a  thalamic  pace- 
maker. The  present  above-mentioned  results  weaken  this  argument  and 
make  the  conclusion  unwarranted,  A  deeper  knowledge  of  the  physiology 
of  the  non-specific  system  of  the  thalamus  could  also  throw  some  light 
upon  the  complex  mechanisms  underlying  alterations  of  awareness  and 
attention  commonly  found  in  epileptics. 

Proposed  course  of  the  project;  The  first,  mainly  anatomical,  portion 
of  this  project  has  been  conpleted,  and  provisional  findings  will  be 
presented  at  the  December  meeting  of  the  EAEEG.  Further  experiments 
and  elaboration  of  the  material  available  are  in  program  to  elucidate 
some  of  the  more  functional  characteristics  of  this  system  with  par- 
ticular eitphasis  upon  the  differential  characters  of  the  ipsilateral 
and  contralateral  effects. 
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Project  Titles  A  conparison  of  patients  with  focal  and  non-focal 
epilepsy  on  a  test  of  attention. 

Principal  Investigator;  A»  F,  Mirsky,  Ph.D. 

Other  Investigators!  D.  W,  Primac,  J.  R,  Stevens  and  C,  Ajmone 
Marsan,  M«  D. 

Cooperating  Units;  National  Institute  of  Mental  Health 

Man  Years  (calendar  year  1957): 
Total ;  .  10 
Professional:  » 10 
Other  s  .  10 

Project  Description;  See  description  in  annual  report  of  National 
Institute  of  Mental  Health* 


ORP-2 


Serial  No,       NINDB"83Cc) 
1,    Electroencephalography 
2, 

3..     Bethesda^  Maryland 
[|.E,     New 


PHS-NIH 
Individual  Project  Report 


Part  A. 


Project  Title;  Some  autonomic  concomittants  of  epileptic 
automatism. 

Principal  Investigator:  John  Van  Buren_,  M,  D. 

Other  Investigators;  Cosimo  Ajmone  Marsan^  M»  D* 

Cooperating  Units;  None 

Man  Years  (calendar  year  1957 ) : 
Total:  .10 
Pr  of  essi  onal ;  * 10 
Other:  .10 

Project  Description:  See  description  in  Surgical  Neurology  Branch 
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Project  title;     Electrocorticographic  studies  in  temporal  lobe 
epilepsyo 

Principal  Im-estigator  ?     Cosimo  Ajmone  Marsan,  M.  D. 

Other  Investigator;    Maitland  Baldwin^  M.  D. 

Cooperating  Units;     None 

Man  Years  (calendar  year  1957); 
Total;  .10 
Professional s  .  10 
Others     .10 

Project  Description; 

Objectives;     The  main  objectives  of  this  project  are;     a)  a  detailed 
study  of  pre-  and  post-excision  patterns  of  activity,     b)  relation- 
ship between  electrocorticography  and  pre-operative  EEG,     c)  rela- 
tionship between  electrocorticography  and  post-operative  EEG,     d) 
relationship  between  type  and  topographical  distribution  of  the  dis- 
charges from  cortical  surface  and  from  subcortical  structures  and 
clinical  results  following  temporal  lobectomy^ 

Methods  errrployed;     Electrocorticography  is  performed  routinely  on 
all  epileptic  patients  undergoing  surgical  treatment,  however  j,   this 
particular  study  includes  only  61  patients  for  which  complete  data 
are  available,   and  -  chiefly  -  there  is  a  long  enough  follow-up 
(one  to  three  years)  to  assess  the  clinical  results  of  excisionc 
All  the  patients  are  ftom  the  Branch  of  Neurosurgery  and  the  elec- 
trical recording  is  carried  out  for  an  average  of  ij5-"60  minutes  by 
means  of  10  cortical  electrodes  and  an  8  channel  EEG  apparatus^ 
All  the  pre-  and  post-operative  EEG  tracings   (a  minimum  of  6  per 
patient)  are  analyzed  for  correlation  purposes^ 
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Major  findings  g     The  results  of  all  the  above-mentioned  correla- 
tions  cannot  be  easily  simimarizedo     It  is  of  interest  to  mention, 
for  instance^  that  the  highest  niMber  of  failures  in  cases  of  left- 
sided  tenporal  lobectomies  is  not  necessarily  due  to  incongslete 
removal  because  of  the  speech  area  and  consequent  persistance  of 
abnormalities  on  the  posterior  border  of  the  excision,     Persistance 
of  epileptiform  discharges  from  the  insular  cortex,  after  the  main 
removal^,  is  a  fairly  common  occurrence  but  does  not  necessarily  carry 
with  it  a  poor  prognosis  in  regard  to  the  outcome  of  seizures.     This 
fact  is  of  practical  significance  in  view  of  the  risk  involved  in 
surgical  manipulation  of  this  region.     Cases  with  pre-operative  evi- 
dence of  bi-teiif)oral  independent  involvement  show  an  almost  equal 
percentage  of  satisfactory  or  very  good  operative  results  when  com- 
pared with  similar  cases  in  which  the  pre=operative  electoographic 
evidence  was  conpatible  with  a  strictly  unilateral  involvement.     The 
presence  of  a  diffusely  abnormal  background  activity  in  the  pre- 
operative EEG  seems  to  be  of  a  poor  prognosiSj,  while  the  highest 
percentage  of  very  good  results  was  obtained  in  cases  in  which  epi- 
leptiform discharges  could  be  demonstrated  with  the  use  of  pharyn- 
geal electrodes.     On  the  whole ^  a  considerable  amount  of  informa- 
tion of  practical  and  theoretical  significance  has  come  fS'om  this 
study.    Results  were  presented  last  March  on  the  occasion  of  the 
International  Symposium  on  Temporal  Lobe  Epilepsy,  held  in  Bethesda, 

Significance  to  the  program  of  the  Institutes     This  project  is  a 
primary  adjunct  to  the  research  projects  of  the  Neurosurgical  Branch 
and  is  directly  related  to  the  problem  of  temporal  lobe  epilepsy. 

Proposed  course  of  the  projects     Similar  studies  are  planned  on  a 
larger  number  of  cases.     Correlations  with  results  of  electrical 
stimulation  and  with  depth  recordings  are  contemplated  as  well  as 
with  pathological  findings,  which  were  still  incoii?)lete  when  the  first 
part  of  this  project  was  carried  outo 
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Part  Bt  Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project? 

Gosimo  Ajmone  Marsan:  Surgical  series  in  temporal  lobe  epilepsy.  Series 
of  Baldwin  and  Ajmone  Marsan  -  Electrocorticographic  findings.  In 
"Symposium  on  tenrporal  lobe  epilepsy",  C.C.Thomas,  Springfield,  111. 
in  press. 

Honors  and  Awards  relating  to  this  project: 


ORP-2 


Serial  No. .  NINDB-85(c) 

lo  Electroencephalograpliy 
2o  Clinical  Neurophysiology 

3o  Bethesda^  Maryland 
iio  New 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 


Part  Ae 


Project  Titles.-  Excitation  in  medullated  nerve «. 

Principal  Ingesti&ator g  Jose  del  GastillOp  M,,  D, 
Other  Investigators g  None 

Cooperating  Units g  None 


Mas  Years  (calendar  year  1957) g 
Total  g  ,10 
Professionals  ,  i© 
Others  ,  l© 


Projeet  Desoriptiong 

Obj.ee.tive3g  The  study  of.  the  basic  meshamisma  of  nerve  ®xc±-=- 
tatifin..and  .eonduation  of  .lii^ulses-has  been,  mainly  carried  out 
in. aa^relinic -fibers  of  invertebrates j,  which  scte   extremely 
suitable 5  beeaiase  of  their  large  siae^  for  the  application  ©f 
intracellular  recording  techniques c  The  results  obtained  in 
giant  axons  cannot^  however ^  be  applied  indiscriminately  to 
the  medullated  fibers  of  vertebrates  and  of  mano  The  first 
objective  o.f  this  project  is^  therefore^  to  repeat  in  verte= 
brate  nerve  some  of  the  e2Eperim®ntal  work  done  in  giant  inF= 
vertebrate  fibers  and  obtain- .enough  quantitative  information 
to  allow  the  computation  of  the  equations  governing  th©  be^ 
havior  of  vertebrate  excitable  membrane^  On  the  other  harxis 
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the  extremely  small  surface  area  of  the  membrane  exposed  at 
the  nodes  of  Ranvier  m^es  the  myelinie  fibers  particularly 
appropriate  for  the  expl£H*atioR  of  certain  aspects  of  the  ex= 
citation  process  which  cannot  be  resol-^d  when  dealing  with 
larger  areas  such  as  those  offered  by  non=itiedullated  axons j 
muscle  fibers p  or  neuron  bodies. 

Methods  en^l^edg  The  experiments  on  medullated  fibers  will 
be  carried  out  to  begin  withp  in  isolated  motor  axons  of  the 
frog  (Ro  pipiens)  and  toad  (§„  marinus)  and  eventually  in 
mammalian  (mouse)  fibers.  The  basic  preparation  will  consist 
of  a  single  node  of  Ranvier  separated  from  the  adjacent  nodes 
by  seals  which  create  high  external  resistances.  The  potentials 
generated  across  the  nodal  membrane  under  study  will  be  ampli- 
fied and  recorded  by  means  of  a  circuit  provided  with  a  nega= 
tive  capacity  input  stage.  One  of  the  adjacent  nodes  will  be 
used  as  a  recording  probe  into  the  inside  of  the  central  node 
while  the  other  will  serve  to  inject  the  electric  currents 
needed  to  stimulate p  polarize  and  "clanp"  its  membrane. 

Major  findings g  (of  previous  personal  research).  Investiga=> 
tions  carried. out  during  the  year  1956=1957  at  the  State 
University  of  New  York  (College  of  Medicine  at  New  York  Cityj 
Brooklyn^  N,  Y.)  and  at  the  Research  Laboratory  of  Electronics 
of  the  Massachusetts  Institute  of  Technology  have  shown  re= 
spectively?  a)  The  existence  of  quantal  fluctuations  in  the 
process  of  subthreshold  excitation  of  the.  nodal  membrane ^  the 
meaning  of  which  is  still  tisaknown,  b)  It  was  shown  that  the 
"voltage  clamp"  methods  used  by  Hodgkinj^  Huxley  and  Katz  to 
study  the  memlsrane  currents  flowing  in  giant  squid  axons 
during  the  excitation  process  can  be  successfully  applied  to 
vertebrate  nerve.  The  initial  results ^  however^  do  show  the 
existence  of  imp^orfcaat  differences  between  the  patterns  of 
current  flow  in.amyelinie  smd  medullated  fibers. 

Significance  to  the  program  of  the  Institutes  The  basic 
mechanisms  of  nervcms  activity^  both  in  the  GNS  and  the 
periphery^  is  the  excitation  process  in  liriiich  nerve  impulses 
are  generated.  As  pointed  out  above^  practically  all  the  in- 
formation we  possess  on  ttiose  processes  derives  at  the  present 
moment  from,  studies,  in  organisms  widely  different  fripm  the 
human,  A  reinvestigation  of  these  mechanisms  in  vertebrates 
andj,  eventually^  in  mammalian  nerve  fibers  is  considered  to  be 
of  importance  for  a  more  complete  understanding  of  the  phys° 
iology  of  the  human  nervous  ^stem^,  both  health  and  disease. 
Furthermore  J,  such  knowledge  is  necessary  for  the  elucidation 
of  the  mechanism  of  action  of  several  Igrpes  of  drugs^  mainly 
of  local  anesthetics^  whose  selective  blocking  action  on  the 
excitation  process  of  nerve  and  muscle  membrane  is  still  in 
need  of  clarification. 


ORP-2 


Serial  No,     NINDB-86(c) 

1.  Electroencephalography 

2,  Clinical  Neurophysiology 
3<i.  Bethesda,  Maryland 

k<r   New 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 


Part  A. 


Project  Title ;  Study  of  Mechanisms  of  Transmitter  Liberation 
at  Presynaptic  Nerve  Endings, 


Principal  Investigator;  Jose  del  Castillo,  M,  D^ 
Other  Investigators;  None 


Cooperating  Units s  None 

Man  Years  (calendar  year  1957) 
Totals  .  10 
Professionals  .10 
Others  .10 


Objectives g  The  studies  of  the  mechanisms  of  synaptic  trans- 
mission, both  at  the  nerve»rauscle  junction  and  at  the  moto- 
neurons of  the  spinal  cord,  have  so  far  not   thrown  much  light 
on  the  physiology  of  the  presynaptic  nerve  endings,  i.e.,  on 
the  liberation  of  the  chemical  transmitters ^  This  is  due  both 
to  the  small  size  of  these  nerve  terminals  and  to  the  fact 
that,  although  a  number  of  drugs  acting  on  the  post-synaptic 
membrane  are  available,  very  few  agents  capable  of  influenc- 
ing the  activity  of  the  presjmaptic  nerve  endings  have  so  far 
been  discovered^  An  attempt  will  be  made,  therefore,  to  find 
substances  influencing  the  liberation  of.  chemical  transmitter, 
and  to  develop  new  methods  for  the  investigation  of  the 
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mechanism  of  action  of  those  so  far  known. 

Methods  employed  %     The  frog  (Re  pipiens)  nerve  muscle  junction 
is  the  synapsis  to  be  used  because  of  Its  easy  access,  large 
size  of  the  post-^synaptic  cell  and  the  possibility  of  direct 
microscopic  observation  of  the  motor  nerve  endings.     Intra- 
cellular capillary  micro^electr odes  will.he  used  to  record  po- 
tential changes  at  the  end=plate  membrane ^     New  optical  methods 
will  be  employed  to  obtain  a  better  view  of  the  presynaptic 
nerve  endings  and  to  position  external  recording  micro-electrodes 
in  its  immediate  vicinity»     lonophoretic  methods  will  also  be 
employed  to  apply  substances  to  localized  spots  of  the  nerve 
endings  <> 

Significance  to  the  program  of  the   Institute?     The  physiology 
and  pharmacology  of  the  presynaptic  nerve,  endings  are  still  in 
its  very  beginning!  however,  its  importance  for  our  under- 
standing of  nervous  function  does  not  need  to  be  emphasized^ 
as  well  as  the  interest  of  its  pharmacological  and  therapeutic 
ij(i5>licationSo     Although  we  possess  today  a  number  of  pharma- 
cological agents  which  produce  post-synaptic  blocking  on  po- 
tentiating actions  (ranging  from  d-tubocurarine  to  prostigmine) 
the  potentialities  of  presynaptic  influences  on  nervous  junc- 
tions have  not  been  explored  so  far. 

Proposed  course  of  the  project g     a)  Setting  up  the  necessary 
experimental  apparatus  for  the  electrical  study  of  nerve« 
muscle  junction^     b)  Exploration  of  new  methods  for  direct 
microscopic  observation  of  presynaptic  motor  endings <.     c) 
Future  course  of  research  to  be  deteiTnined  in  view  of  the 
technical  improvements  achieved* 
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Proposed  course  of  the  project;  a)  Setting  up  experimental 
techniques  for  excitation  and  recording  at  a  single  node  of 
Ranviera  b)  Reinvestigation  of  quantal  fluctuations  in  sub- 
threshold local  responses,  c)  "Voltage  clamp"  experiments 
in  normal  environments  and  extra-cellular  fluids  of  modified 
ionic  composition. 


Annual  Report  of  the  Basic  Research  Program,  NIMH-NINDB 
January  1  to  December  31,  1957 

INTRODUCTION 


There  are  relatively  few  resources  around  the  world  for  basic 
research  in  the  mental  and  neurological  field.   Problems  that  need 
solution  are  staggering »   The  present  overdemand  for  medical  ser- 
vices cannot  be  diminished  except  through  fundamental  advancement 
of  concepts o   With  few  resources  and  immense  problems  we  need  to 
make  especially  effective  use  of  what  is  available o   How  to  do 
this?   Simply  stated,  it  is  by  giving  encouragement  and  stimulation 
to  the  most  creative  scientists  interested  in  fundamental  problems 
in  this  field  and  by  providing  that  support  by  which  they  can  be 
most  effective. 

Unfortunately,  there  is  no  simple  recipe  for  achieving  this 
goal.   Something  worthwhile  may  be  accomplished,  nevertheless ,  by 
setting  forth  new  and  compelling  reasons  why  it  is  desirable  to 
pursue  research  basic  to  neurology  and  psychiatry.   And  it  may 
also  be  helpful  to  make  even  a  preliminary  enquiry  into  what  is 
the  nature  of  scientific  creativity. 

All  of  the  old  reasons  for  examiniiag  the  functions  of  the 
nervous  system  still  exist.   Among  the  most  isfiportant  of  these 
has  traditionally  been  the  desire  to  know  on  the  part  of  those 
involved  in  research— pure  intellectual  curiosity.   The  nervous 
system  is  concerned  with  those  things  that  mean  the  most  in 
human  life,   Man's  own  curiosity  about  himself  as,  a  perceivings 
thinking  being  cam  only  be  satisfied  by  pursuing  the  anatomy, 
physiology,  biochewdstry,  pharmacology,  psychology,  sociology 
and  allied  disciplines  relating  to  the  brain.   Always  there  has 
been  a  pressing  need  to  know  in  order  to  solve  clinical  problems. 
This  reason  has  generally  been  uppemnO'St  in  the  minds  of  those 
provided  support  for  research. 

THE  URGEMCY  OF  BRAIN  RESEARCH 


It  needs  to  be  emphasized  that  the  brain  is  an  instrument 
for  social  as  well  as  physiological  integration.   The  peoples 
of  all  nations  are  in  need,  rather  suddenly,  of  the  means  to 
understand  and  cope  with  a  myriad  of  problems  relating  to 


For  this  Annual  Report  the  Laboratory  Chiefs  have  provided 
cQHiprehensive  statements,  of  research  progress  during  the  year. 
In  the  following  paragraphs  I  have  attempted  the  exploration  of 
some  longrange  issues  that  may  be  important  to  our  ultimate 
best  achievement. 
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perceptions  memory  and  emotion  and  to  learn  how  to  become  more 
constructively  adaptive  as  interdependent  individuals.   Social 
and  technological  revolutions  are  hurtling  us,  as  one  of  the 
authors  of  the  recent  Gait her  Report  succinctly  remarked, 
"right  into  the  mouth  of  Hell."   It  remains  to  be  seen  whether 
we  can  find  ways  to  maintain  freedom  where  it  exists  and  to 
establish  it  where  it  is  lacking.   In  the  meantime,  some  kind 
of  world  government  under  law  is  called  for  to  forestall  a 
global  catastrophe  that  now  seems  so  probable.   The  shield  of 
our  republic  will  depend  more  and  more  upon  the  creativity  of 
human  social  thinking  and  less  and  less  upon  direct  instrumentali- 
ties of  war.   The  latter  can  only  provide  a  gap  of  time  within 
which  certain  crucial  social  adaptations  must  take  place. 

At  the  root  of  the  matter  are  as  yet  unsolved  problems  relat- 
ing to  the  perception  of  actions  and  of  shibboleths,  the  trans- 
lation of  ideas,  the  momentum  of  traditional  concepts j  the 
adhesive  behavior  of  groups,  the  communication  of  ideals  and  goals, 
Many  scientists  have  confidence  that  these  problems  can  be  solved, 
given  time  and  effort.   Our  country  is  presently  buying  time;  we 
can  undoubtedly  improve  our  effort .   Ignorance  of  basic  mechanisms 
acts  as  a  handicap  to  current  attempts  to  meet  these  problems. 
There  may  be  short  cuts,  but  few  are  evident.   We  have  to  learn 
how  signals  enter  the  nervous  system,  how  they  are  distorted  by 
concurrent  and  antecedent  events,  how  they  relate  to  mechanisms 
of  reward  and  punishment  and  emotional  expression,  how  learning 
occurs,  and  what  are  the  limitations  of  our  mnemonic  and 
behavioral  response  systems.   These  mechanisms  have  their 
anatomical,  physiological,  chemical,  psychological  and  socio- 
logical manifestations.   What  more  interesting  or  important 
labor  than  to  be  involved  in  the  unravelling  of  these  mysteries? 

There  are  bases  for  optimism  in  relation  to  finding  solutions 
to  these  difficult  problems: 

1„   Creative  thinking  will  undoubtedly  be  more  and  more 
deliberately  cultivated  within  the  government.   In  the  past, 
creativity  has  not  been  favored  in  relation  to  social  or 
political  action;  instead,  the  emphasis  has  been  on  stability 
and  continuity  of  the  familiar.   Creative  talent  for  several 
hundred  years  has  had  to  find  individual,  usually  unsupported, 
expression  through  music,  literature,  art  and  science.   Recently, 
and  with  spectacular  results,  creativity  in  scientific  endeavors 
has  been  supported  by  governments  and  industry  to  the  enormous 
material  advantage  of  mankind.   The  object  of  this  lesson 
appears  too  clear  to  be  missed  in  relation  to  man's  psychological 
and  sociological  needs.   A  more  creative  approach  to  governmental 
issues  will  invite  answers  to  these  problems;  one  can  already 
discern  the  trends.   Leadership  in  government  will  hopefully 
become  less  like  steering  the  car  of  a  Juggernaut  and  more  like 
deliberating  the  most  advantageous  moves  in  chess. 
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k-Lvea  moment,  to  imagine  that  sc fence  is ^n^Sj^^^^T^^^ 
state;  the  directions  are  obvious  for  1%IU   S   1*^  comfortable 
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neurophysiology  and  psychology;  this  is  essential  for  the  inter- 
pretation of  sense  data  and  for  certain  logical,  mathematical 
and  verbal  operations  that  are  involved,  many  times  in  a  limiting 
way,  in  the  formation  of  concepts  of  physics.   It  was  in  an 
analysis  of  comparable  instrumental  operations  involved  in  the 
measurement  of  length  and  time  that  Einstein  discovered  certain 
non-common-sense  aspects  of  the  universe  which  form  the  basis  of 
special  relativity.   As  we  learn  more  about  human  perceptual  and 
conceptual  processes,  we  will  gain  insight  not  only  into  ourselves! 
but  into  more  general  features  of  the  physical  world  as  well. 

We  consider  that  the  public  need  for  basic  knowledge  in  all 
fields  relating  to  the  nervous  system  is  one  of  the  most  urgent 
and  worthwhile  as  well  as  fascinating  areas  of  scientific         , 
endeavor.   Warren  Weaver,  Vice-President  of  the  Rockefeller       I 
Foundation,  recently  said  "in  the  realm  of  human  behavior 
including  all  those  social,  economic,  and  political  aspects  of 
individual,  group  and  mass  actions  which  constitute  the  social 
sciences  .  .  .  progress  in  understanding,  and  eventually  in 
controlling,  these  phenomena  is  just  as  sure  to  occur  as  is 
progress  in  understanding  the  cell.   We  must  not  be  impatient 
or  critical — -surely  not  contemptuous --of  the  tentative  and 
fragmentary  nature  of  the  successes  to  date  .  .  ,  the  first 
exciting  invasions  into  the  world  of  the  mind  and  behavior." 

We  would  welcome  an  objective  disinterested  examination  of 
the  dimensions  of  these  issues;  the  urgency  of  our  national 
need  for  new  basic  knowledge  relating  to  the  brain  and  its 
activities;  the  potential  value  of  current  research;  the  ultimate 
promise  of  basic  research  in  this  field  to  public  problems;  and 
a  consideration  of  all  of  these  evaluated  findings  in  relation  to 
the  total  research  endeavor  being  supported  by  the  Federal 
Government . 


CREATIVITY 


Problems  that  resist  solution  may  be  insoluble,  yet,  if  you 
will  believe  the  history  of  science,  it  is  more  likely  that  the 
means  of  solution  being  attempted  are  inadequate.   Certainly,  in 
the  absence  of  fresh  insight,  sheer  devotion  is  powerless  to  do 
more  than  refine  what  is  already  known.   It  takes  a  creative 
person  to  turn  aside  from  established  schemes  of  consciousness  and 
to  seek  out  that  which  can  lead  to  something  more  fundamental. 
Occasionally  the  entire  framework  in  which  a  problem  is  presented 
needs  to  be  creatively  reformulated.   A  theory  can  be  tested  by 
experience,  but  there  is  no  direct  path  from  experience  to  the 
setting  up  of  a  theory. 


A  more  adequate  understanding  of  nature  cannot  be  achieved  in 
the  abstract;  it  must  be  brought  about  through  the  consideration 
of  materials  with  which  the  scientist  is  already  familiar „   Even 
the  most  gifted  and  energetic  person  must  have  achieved  a  certain 
mastery  in  the  field  of  his  pretended  accomplishments.   He  must 
have  a  keen  sense  of  what  needs  to  be  done  to  solve  a  given 
problem  and  a  sufficient  skill  to  do  that.   He  needs  not  only 
carry  out  a  program  of  thought  and  action  at  the  limits  of  con- 
ception, but  he  must  follow  through  by  communicating  in  a  clear 
way  his  new  level  of  understandings   His  scientific  achievements 
in  the  end  represent  only  a  better  approximation- — the  end  can 
never  be  a  statement  of  finality. 

Highly  creative  ability  in  any  field  of  endeavor  is  so 
relatively  rare  and  little  understood  that  it  is  usually  suspect. 
Every  new  step  in  the  development  of  an  idea  is  likely  to  seem 
alien  and  eccentric.   One  who  would  be  creative  must  deliberately 
encourage  the  imaginative  manipulation  of  ideas  that  have  only 
tenuous  credentials.   Yet  the  mechanism  of  creative  scientific 
accomplishment  are  not  under  any  satisfactory  degree  of  voluntary 
control.   It  requires  from  the  scientist  a  thorough  understanding 
of  the  problem,  discipline  and  hard  work,  but  also  something  more 
than  that:  creativity  cannot  be  squeezed  out  as  paste  is  extruded 
from  a  tube.   It  needs  the  exercise  or  "release"  of  some  nimble 
elements  of  combinatory  play  of  imagery  in  a  form  that  usually 
precedes  logical  construction  into  words  or  symbols.   Moreover, 
and  this  is  a  feature  of  the  greatest  importance,  the  process  is 
easily  disturbed  or  put  off.   Even  too  urgent  a  desire  to  arrive 
quickly  at  logically  connected  ideas  may  foreshorten  a  conceptual 
advancement  in  the  making.   Because  of  this,  discipline  of  the 
creative  process  should  largely  arise  within  the  individual,  or 
be  provided  by  example. 

There  is  another  feature  of  creativity  which  is  less  clearly 
appreciated,  that  of  nonconformity.   As  Ben  Shahn  has  recently 
written:  "Without  nonconformity  we  would  have  had  no  Bill  of 
Rights  nor  Magna  Carta,  no  public  education  system,  no  nation 
upon  this  continent,  no  continent,  no  science  at  all,  no 
philosophy,  and  considerably  fewer  religions.   All  this  is 
pretty  obvious.   But  it  seems  to  be  less  obvious.   But  it  seems 
to  be  less  obvious  that  to  create  anything  at  all  in  any  field, 
and  especially  anything  of  outstanding  worth,  requires  non- 
conformity, or  a  want  of  satisfaction  with  things  as  they  are. 
The  creative  person--the  nonconformist—may  be  in  profound 
disagreement  with  the  present  way  of  things,  or  he  may  simply 
wish  to  add  his  views,  to  render  a  personal  account  of  matters... 

"Yet,  when  it  comes  to  the  matter  of  just  what  kind  of  non- 
conformity shall  be  encouraged,  liberality  of  view  recedes. 
There  seems  to  be  no  exact  place  where  nonconformity  can  be 


fitted  in:  it  must  not  be  admitted  into  the  university  curriculum — ■ 
that  would  produce  chaos.   In  politics  it  is  certainly  inadvisable- 
at  least  for  the  time  being.   It  cannot  be  practiced  in  journalism. 
In  science  ™  least  of  all,  alas  I "   Shahn  goes  on  to  conclude  that 
"The  degree  of  nonconformity  present— and  tolerated— in  a  society 
might  be  looked  upon  as  a  symptom  of  its  state  of  health." 

Important  scientific  achievements  thus  seem  to  depend  upon 
the  fruitful  combination  of  a  group  of  essentially  positive 
factors;  some  of  these  relate  to  the  competencej  self-discipline 
and  nimble  imaginativeness  of  the  scientist  himself  and  others 
concern  his  surroundings.   Research  in  laboratories  of  the  Federal 
Government  will  surely  progress  in  the  sense  of  advancing  the 
frontier.   And  the  rate  of  advancement  may  be  speeded  up  somewhat 
by  administrative  hustling  or  by  providing  additional  money  or 
personnel  in  a  given  field.   But  saltatory  advancement  of  concepts- 
the  kinds  of  change  in  point-of-=view  that  may  alter  the  entire 
character  and  direction  of  scientific  pursuit,  the  kinds  of  advance 
ment  that  may  cut  short  years  of  striving-"these  are  not  likely  to 
occur  except  where  circumstances  are  especially  favorable  for 
creativity.   In  the  long  run,  the  reputation  and  credit  of  any 
laboratory  will  depend  upon  a  few  advances  of  this  sort  far  more 
than  upon  the  extension  of  studies  that  now  seem  entirely  familiar. 

AN  INHERITANCE 

A  year  ago  when  invited  to  participate  in  the  Basic  Research 
Program  of  NIMH-NINDB,  I  already  had  a  high  regard  for  the 
individual  scientists  in  the  Program  and  for  their  overall  endeavor. 
The  group,  recruited  and  led  by  Dr.  Seymour  S.  Kety,  was  widely 
recognized  throughout  the  United  States  and  abroad  as  performing 
outstanding  research  across  most  of  the  frontier  of  complementary 
disciplines  relating  to  the  nervous  system.   All  this  had  been 
accomplished  within  five  years.   Despite  Dr.  Kety's  heavy  commit- 
ments to  purely  administrative  efforts,  he  continued  to  pursue 
research;  he  perfected  his  theoretical  treatment  of  blood-tissue 
exchange,  extended  his  pioneering  studies  on  human  cerebral  cir- 
culation and  metabolisM,  and  demonstrated  a  new  method  for 
determining  local  cerebral  blood  flow  simultaneously  in 
individual  regions  of  the  brain. 

It.  is  understandable  that  after  such  achievements,  simply 
maintaining  the  Program  _in  being  could  pall  for  Dr.  Kety.   Moreover, 
he  needed  to  be  relatively  more  free  to  accelerate  his  own  labora=" 
tory  research.   He  would  also  then  be  able  to  provide  immediate 
leadership  for  a  group  that  would  undertake  a  broad-scale  invest iga= 
tion  of  the  "biology  of  schizophrenia."   For  these  several  reasons, 
Dr.  Kety  asked  for  replacement  in  his  job  and  thereby  established 
a  precedent  for  rotation  of  this  administrative  office. 
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Before  accepting  so  large  a  responsibility,  it  was  natural 
to  take  a  deliberate  and  hard  look  at  the  Basic  Research  Program. 
Close  examination  satisfied  me  and  associates  to  whom  I  appealed 
for  advice  that  the  excellent  reputation  of  the  Program  was 
entirely  deserved.   In  addition  to  a  feeling  of  satisfaction  as 
regards  the  purposes  and  character  of  the  Program,  I  also  felt 
a  strong  conviction  that  the  United  States  Government  should  be 
supported  by  its  citizen-scientists  in  every  way  they  are  able. 
Dr.  Kety's  invitation  to  join  the  Basic  Research  Program  was  not 
only  flattering  in  one  sense,  it  was  also  an  opportunity  for 
dedication  to  an  important  cause.   Having  completed  a  "Freshman 
Year"  in  this  job,  I  can  say  without  qualification  that  my  regard 
for  the  Program  and  for  Dr,  Kety's  contributions  has  risen  still 
higher.   I  can  scarcely  measure  the  agreeableness  that  stems 
from  respecting  and  liking  every  scientist  in  the  Program:  this 
is  a  continuing  reflection  of  Dr.  Kety's  wise  recruitment. 


GENERAL  COMMENTARY 


During  the  last  year  we  continued  trying  to  recruit  a 
Laboratory  Chief  for  Neurochemistry .   In  succession,  two  very 
excellent  men  were  invited.   Each  was  keenly  interested  in  joining 
the  Basic  Research  Program,  even  though  it  would  mean  no  increase 
in  salary.   When  it  came  down  to  particulars,  however,  we  did  not 
have  enough  space.   Each  was  willing  to  come  at  a  sacrifice  of 
their  present  considerable  space,  believing  that  some  of  this 
deficiency  could  be  made  up  by  the  central  and  collaborative 
facilities  of  the  National  Institutes  of  Health.   But  neither 
could  establish  even  skeletal  programs  within  the  number  of  modules 
we  had  available.   Space  discussions  occupied  us  for  months,  but 
no  adequate  adjustment  or  construction  possibilities  appeared. 
The  same  contingency  proved  critical  in  relation  to  recruiting  a 
Chief  for  the  Section  on  Perception  and  Learning  in  the  Laboratory 
of  Psychology.   Finally,  we  had  an  opportunity  to  develop  the 
important  area  of  auditory  physiology  and  psychology,  but  again, 
space  limitations  were  critical.   It  is  gratifying  to  know  that 
we  could  build  with  strength  and  that  our  Program  is  competitive 
on  equal  or  even  disadvantageous  terms,  but  it  is  also  obvious 
that  space  is  our  most  precious  commodity. 

Limbic  Integration.   By  taking  advantage  of  Dr.  Kety's  fore- 
si  :::hted~pTanMln^Tor~a  Section  on  JBrainstem  Mechanisms  which  had 
never  been  activated, ,  we  were  fortunate  to  be  able  to  invite 
Professor  Paul  D.  MacLean  of  Yale  University  to  join  the  Program. 
Dr.  MacLean 's  interests  in  psychosomatic  mechanisms  and  his 
brilliant  studies  concerning  the  anatomy,  physiology,  chemistry 
and  behavioral  aspects  of  the  phylogenetically  older  parts  of  the 
brain  have  attracted  world-wide  respect.   At  the  time  of  our 


invitation  Dr.  MacLean  was  on  leave  of  absence  from  his 
university,  spending  a  year  of  study  in  ZUrich.   He  brings 
with  him  not  only  his  own  exceptional  talents  and  the  tradi- 
tions of  Professor  Fulton's  laboratory  at  Yale,  but  also  the 
rewarding  influence  of  recent  visits  to  many  of  Europe's 
finest  laboratories.   The  new  section  headed  by  Dr.  MacLean 
is  called  the  Section  on  Limbic  Integration  and  Behavior.   It 
is  jointly  identified  with  the  Laboratory  of  Psychology  and 
the  Laboratory  of  Neurophysiology. 

Graduate  Students,   The  Laboratory  Chiefs  agreed  that  we 
should  restrict  the  acceptance  of  graduate  students  to  the 
best  possible  candidates  throughout  the  nation  instead  of 
favoring  scholars  of  the  Potomac  Basic.   We  now  encourage 
suitable  graduate  students  from  any  part  of  the  country  who 
wish  to  do  thesis  work  in  our  laboratories.   They  may  find 
this  advantageous  by  reason  of  the  opportunities  to  work 
with  particular  scientists,  have  access  to  special  facilities 
and  the  interdisciplinary  setting  of  the  Basic  Research  Program 
and  at  the  same  time  discharge  their  military  obligation.   The 
local  preceptor  would  undertake  the  special  responsibility  of 
supervising  the  candidate's  thesis  and  may  if  mutually  agreeable 
become  a  member  of  the  Doctoral  Committee  at  the  candidate's 
home  university.   The  university  faculty  advisor  would  at  the 
same  time  become  a  Consultant  to  the  Basic  Research  Program 
and  would  participate  in  planning  and  supervising  the  thesis 
work  here.   The  first  graduate  candidate  participating  in  this 
plan  is  Dr.  Stanley  Glauser,  a  medical  doctor  now  completing 
his  thesis  for  a  Ph.D.  in  Chemistry  from  the  University  of 
Pennsylvania.   His  local  preceptor  is  Dr.  Alexander  Rich,  Chief 
of  the  Section  on  Physical  Chemistry.   His  faculty  advisor  is 
Professor  Philip  George,  Research  Professor  in  Biophysical 
Chemistry,  University  of  Pennsylvania. 

Research  Associates.   A  Research  Associates  Program  designed 
nearly  two  years  ago  was  launched  last  July.   The  purpose  is  to 
provide  two  years  of  combined  preceptor  and  didactic  training 
in  basic  research  to  outstanding  men  "Ao   have  completed  an 
internship  and  who  wish  to  continue  in  academic  medicine.   The 
didactic  training  is  intended  to  supplement  and  extend  in  a 
more  penetrating  way  the  exposure  to  basic  biomedical  science 
provided  in  medical  school.   Four  of  the  National  Institutes  of 
Health  are  participating  in  this  Program.   Seven  out  of  the 
first  class  of  fourteen  Research  Associates  are  being  supported 
by  the  Basic  Research  Programs  NIMH-NINDB.   Scientists  in  the 
Institute  of  Mental  Health  are  making  a  study  of  the  aspirations 
and  creativity  of  the  Research  Associa,tes  aad  of  the  impact  of 
this  training  program  on  their  career  development . 
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Visiting  Scientists.   The  primary  objective  of  the  Visiting 
Scientist  program  is  to  provide  a  mechanism  for  cross- 
fertilization  of  ideas  and  for  collaboration  between  our 
Institutes  and  Universities  elsev/here  in  this  country  and 
abroad.   During  the  calendar  year,  we  have  enjoyed  the  associ- 
ation and  profited  from  the  scientific  skill  of  some  eighteen 
individuals  participating  in  the  Visiting  Scientist  program. 
Six  came  to  the  Basic  Research  Program  from  England,  three  from 
the  United  States  (one  of  these  was  from  Puerto  Rico) ,    two  from 
Japan,  and  one  each  from  Australia,  Canada,  Denmark,  Germany, 
Hungary,  India,  Korea,  and  Switzerland,   Six  of  the  eighteen 
are  senior  scientists.   We  are  fortunate  that  by  mutual  agreement 
four  of  the  eighteen  are  immigrating  to  fill  Civil  Service  posi- 
tions in  the  Basic  Research  Program.   One  of  the  four  received 
his  papers  during  the  year  and  has  already  transferred  to 
permanent  status  v/ith  us. 

We  are  very  pleased  that  Professor  H.  W.  Magoun  of  the 
University  of  California  at  Los  Angeles  chose  to  join  the 
Intramural  Research  Program  of  NIMH  as  a  Visiting  Scientist  during 
his  sabbatical  leave.   He  piirsued  research  with  Dr.  John  Lilly, 
Chief  of  the  Section  on  Cortical  Integration,  and  with 
Dr.  Edward  Evarts,  Chief  of  the  Section  on  Physiology,  in  the 
Clinical  Program  of  Dr.  Kety's  Laboratory  of  Clinical  Science. 
With  Dr.  Evarts,  Dr.  Magoun  demonstrated  that  the  recruiting 
response  in  cortex  is  modified  by  alerting  reactions  on  the 
part  of  the  animal.   With  Dr.  Lilly,  Dr.  Magoun  examined 
behavioral  stop-start  mechanisms  in  subcortical  structures, 
mechanisms  apparently  related  to  pleasure,  fear  and  sexual 
excitement.   Dr.  Magoun  also  attended  courses  in  the  History  of 
Medicine  at  The  Johns  Hopkins  University  and  Hospital  and  gave 
a  few  seminars  and  lectures  at  various  universities  on  the 
Atlantic  Seaboard.   He  was  responsible  for  initiating  the 
Anglo-American  Sym_posium  on  the  History  and  Philosophy  of 
Knowledge  of  the  Brain  and  its  Functions  which  was  held  in 
London,  July  15-17  under  the  sponsorship  of  the  Wellcome 
Historical  Medical  Library  with  the  cooperation  of  the 
National  Hospital,  Queen  Square,  and  the  Maudsley  Hospital. 
This  was  reported  as  being  the  most  successful  and  interesting 
international  meeting  of  last  summer.   We  would  like  to 
encourage  the  practice  of  other  notable  scientists  as  well 
taking  sabbatical  leave  here  at  the  National  Institutes  of 
Health o 
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The  Basic  Research  Prograirij  NIMH-NINDB,  includes 
the  following  laboratories  which  are  combined  v/ith  Clinical 
Investigations: 

Laboratory  of  Psychology 
Laboratory  of  Clinical  Sciences 
Laboratory  of  Socio-environmental  Studies 
The  summaries  for  these  laboratories  on  the  following 
pages  include  only  those  Sections  in  the  Basic  Research 
Program- 

The  overall  summary  for  these  laboratories  is 
included  under  Clinical  Investigations.   pp„  33-56 
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Laboratory  of  Psyc holes'" 
David  Shakow,  Chief 

Section  on  Ap;ine 


This  has  been  an  active  year  for  members  of  the  Section  on  Aging  and 
the  specific  research  findings  of  the  present  year  v-dll  assist  considerably  in 
outlining  long-range  research  programs  in  a.ging*  As  in  the  past,  research 
effort  has  been  divided  among  projects  employing  animals  and  studies  of  the 
normal  human  subject.  The  v/ork  of  Dr,  Jack  Botwinick  and  his  associates 
indicates  ths-t  there  is  evidence  for  a  chanre  in  inhibitory  processes  and 
control  functions  that  are  involved  in  motor,  perceptual,  and  mental  abilities. 
This  is  an  extension  of  previous  experimental  and  conceptual  work  of  the  labora- 
tory. Analysis  of  the  data  on  over  59  human  subjects  with  a  broad  range  of 
psychological  hb asurements  is  now  in  process  of  statistical  analysis »  It  is 
expected  that  these  results  will  be  available  for  publication  in  the  spring  of 
1958i  Dr.  Alfred  ¥eiss  viho  also  participated  in  the  studies  of  human  aging 
is  concerned  with  three  areas :   click  perception,  dual  cliannel  auditory  per- 
ception, and  delayed  auditory  speech  feedback.   Only  the  click  perception 
data  has  been  analyzed  thus  far.   The  data  on  click  perception  indicates 
something  of  the  nature  of  the  perceptual  deficit  which  can  occur  in  some  older 
individuals  *   Older  individuals  have  increasing  difficulty  as  the  number  of 
clicks  increases,  However,  response  time  does  not  differ  for  two  age  groups, 
suggesting  that  the  relationship  between  response  tirae  and  perceptual  ability, 
or  accuj-acy,  is  more  complex  than  previously  realized.  As  an  outgroirth  of  a 
study  on  age  changes  in  retinal  potentials,  a  :.icro-electrode  study  of  retinal 
and  optic  tract  potentials  of  the  cat's  eye  in  response  to  light  was  carried 
out  in  collaboration  irith  Dr.  Tiobert  John  of  the  ^'aval  riedical  Center  by 
Dr.  li'eioS-.  The  results  of  this  stud^'"  are  now  being  anal/z.3d.   In  another 
collaborative  stuc|r  with  Dr.  Conan  Kornetslcy-  of  the  Clinical  Sciences 
Laboratory,  it  was  found  that  chlorpromazine  was  >ri.thout  effect  on  delayed 
speech  feedback  while  secobarbital  markedly  increased  susceptibility  of  the 
subject  to  speech  disruption  with  this  methods 

Dr.  Sdifard  Jerome  has  been  studying  age  changes  in  rat  activity,  rate 
of  learning,  and  ability  to  transfer  in  a  series  of  ten,  escape  choice  problems 
employing  light  aversion  as  the  drive.   Preliminary  analyses  of  the  yet  incom- 
plete results  indicate  that,  although  the  older  animals  were  somewhat  slower 
than  the  young  ones,  the  two  age  groups  did  not  differ  with  respect  to  reaction 
to  obstruction,  type  of  errors,  learning  rate,  nor  ability  to  transfer.  These 
results  can  be  interpreted  as  impugning  the  hypothesis  that  impairment  of 
learning  ability  and  flexibility  of  behavior  are  necessary  concomitants  of 
a  decay  of  biological  organization  vrith  increased  longevity  of  the  organism. 
They  3.re,  on  the  other  hand,  consistent  with  the  hypothesis  that  when  apparent 
impairment  of  these  functions  is  observed  in  human  beings,  or  does  occur  in 
animals,  it  is  due  to  experiential  factors,  e.;-  . ,  absence  of  recent  relevant 
practice,  low  motivation,  accuiaulation  or  strengthening  of  sources  of  inter- 
ference, or  lacl;  of  familiarity  vjith  the  test  situation  in  geners.l  or  in 
particular.   These  preliminary  investigations  are  being  extended. 
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Section  on  Aging  (Cont'd) 

Dr^  Eugene  Streicher  has  coirtinued  his  studios  of  age  differences  in 
calciim  of  the  brain.  In  all  aga  groups ^  from  one  month  to  tx\ro  and  a  half 
years,  the  calciuin  content  of  the  rat  brain  is  very  variable*  The  two  halves 
of  the  sarae  brain  often  differ  by  100  percent  or  more  in  calcium  content. 
However,  the  values  for  the  tx\ro  halves  of  the  same  brain  are  more  closely 
related  to  each  other  in  the  tissues  of  old  rats  than  in  young  animals  regard- 
less of  the  level  observed*  On  the  basis  of  relatively  few  observations,  it 
appears  that  the  magnesium  content  of  the  brain  is  somewhat  diminished  in 
animals  over  two  and  a  half  yeao's  of  age*  I'rom  measurements  on  the  magjiesium 
content  of  brain  from  rats  of  different  ages,  it  appears  likely  that,  in 
contrast  to  the  reports  of  other  investigators,  the  magnesium  content  of  the 
myelin  sheath  is  relatively  low^ 

Dr.  William  Bondareff  has  continued  his  studies  of  age  changes  in 
nervous  tissues  of  rats.  His  electron  microscope  studies  of  spinal  ganglia 
from  aged  rats  conventionally  fixed  vjith  osmium  tetroxide,  have  resulted  in 
the  demonstration  that  the  genesis  of  the  lipofuchsin  (the  so-called  senility 
pigment)  is  not  directly  related  to  possible  age  changes  in  mitochoncb^ia. 
This  work  Xijhich  has  been  published  in  the  Journal  of  Gerontology  emphasizes 
that  pigment  originates  in  the  c:y-toplasm  of  old  nerve  cells  in  association  with 
vacuoles  of  su;microscopic  siae  and  it  is  suggested  that  this  process  is 
associated  with  age  chsjiges  in  the  golgi  complex.  In  an  attempt  to  further 
investigate  the  process  of  pigment  particulates,  tissues  fixed  by  freezing  and 
drying  have  been  investigated.  These  investigations  are  currently  being 
continued  and  some  progress  has  already  been  made  in  the  application  of  these 
methods  to  the  study  of  submicroscopic  cellular  changes  of  aging  nerve  cells* 

lir.  o^oel  Garbus  has  extended  his  studies  reported  last  year  on  the 
oxidative  phosphorylation  of  fortified  brain  homogenates  to  include  studies 
using  other  brain  particulate  fractions .  A  preparative  proced'ore  was  developed 
for  the  isolation  of  cellular  particulates  of  high  metabolic  activity  and 
stability.  Oxidative  phosphorylation,  measured  in  mitochondrial  fractions 
prepared  by  these  methods  show  no  decline  viith  age  in  central  nervous  system 
preparations  from,  aged  rats.  These  activities  are  measiired  under  ideal  in 
vitro  conditions,  which  may  not  pertain  in  vivo ,  It  is  therefore  proposed  to 
make  similar  measurements  using  less  than  optiraum  conditions,  such  as  anoxia, 
limited  substrate,  etCo,  reproducing  a  less  favorable  cell  environment  which 
may  be  a  factor  in  senescence.   Collaborative  studies  undertaken  last  year  iTrith 
Dr.  Eugene  VJeinbach  of  the  ilational  Institute  of  Allergy  and  Infectious 
Diseases  vJill  be  continued  to  study  other  aspects  of  cellular  metabolism  and 
aging. 

The  Section  on  Aging  has  continued  to  act  as  a  coordination  center  of 
the  research  prograia  on  human  aging  in  the  NliliL  At  present  this  pro.ioct  is  in 
the  stage  of  analysis  of  data.  Mp.  Samuel  Greenhouse  and  Fir,   Donald  Ilorrison 
are  now  actively  developing  high  speed  coiaputer  metiiods  to  intercorrelate  the 
many  variables  from  the  different  laboratories  concerning  changes  in  personality, 
cognitive  and  perceptual  abilities,  and  physiological  factors,  in  normally  aging 
individuals , 
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Section  on  Perception  and  Learning 

D\iring  the  year  Dr.  Carlson's  studies  of  the  effects  of  LSD  on  the  absolute 
visual  threshold  have  been  completed.  The  findings  in  man  indicate  a  central 
effect  of  this  drug  in  that  the  photopic  threshold  was  raised  significantly  more 
than  the  s ectopic  threshold.  Brightness  vision  in  man  undoubtedly  depends  to 
a  great  extent  upon  the  cortex^,  and  presently  available  evidence  suggests  that 
cone  vision  depends  more  on  the  complete  integrity  of  cortical  ftmctioning  than 
does  rod  vision.  The  presumed  hallucinogenic  effects  of  LSD  were  not  found  with 
the  normal  subjects  used  here.  Psychotic  and  neurotic  patients  have  shown  evi- 
dence of  an  elevated  visual  threshold^  however,  so  that  this  effect  of  LSD  may 
constitute  another  point  of  similarity  between  the  effects  of  the  drug  in  normal 
humans  and  the  majaife stations  of  more  naturally  occurring  psychological  impair- 
ment. The  absolute  visual  threshold  was  found  to  be  raised  more  strikingly  in 
the  pigeon^  although  the  effect  is  probably  mediated  subcortically  in  this  animal. 
Another  very  interesting  finding  with  LSD  in  the  pigeon  is  an  improvement  in 
performance  in  a  conditional  visual  discrimination  task.  The  reason  for  this 
effect  is  not  clear  at  the  present  time^,  but  it  may  have  a  possible  parallel  in 
human  performance.  Under  cerisain  conditions  normal  subjects  with  LSDj,  anxious 
or  tense  subjects,  and  some  schizophrenic  patients  seem  to  be  better  able  to 
maintain  directed  attention  and  interest  in  what  usually  is  a  simple  and  tedioxis 
task  for  a  normal  subject.  One  effect  of  LSD  may  be  to  render  the  subject  less 
susceptible  to  outside  distractions  and  at  the  same  time  less  able  to  integrate 
accessory  cues  into  a  txnitary  perception.  Partly  for  this  reason,  the  effects 
of  LSD  Bxe   being  investigated  on  more  complex  perceptual  tasks  such  as  size- 
const-axicy  and  visual  illusions. 

Dr.  Carlson  has  also  continued  his  study  of  the  Kohler  theory  of 
satiation  in  relation  to  neural  processes  associated  with  perception  with  a 
view  towards  using  the  methods  developed  for  the  study  of  basic  processes  of 
attention  and  short-term  memory.  He  has  also  continued  on  the  difficult  technical 
problem  of  recording  eye -movements  electrically.  The  problem  &t  present  breaks 
down  into  three  stages;  (l)  To  work  out  the  technical  problems;,  which  is  the 
stage  in  which  the  work  is  concentrated,  (2)  To  work  out  the  methodologj;-  measur- 
ing psychological  variables  by  means  of  eye -movement  recording.  (3)  To  apply 
the  methodology  to  specific  problems  in  the  perceptusl-attentionaL  realm.  It 
is  in  relation  to  the  last  that  this  technique  may  offer  us  a  method  of  attain- 
ing an  objective  indication  of  what  the  subject  perceives  and  where  aasd  how  he 
directs  his  attention.  With  increasing  interest  in  studies  involving  attention, 
such  a  technique  would  be  most  useful. 

Dr.  Carlson  has  finally  made  arrajogements  for  obtaining  students  as 
a  normal  control  population.  Some  of  these  subjects  are  being  tested  intensively 
both  as  a  comparison  group  for  results  obtained  with  patients  and  as  an  experi- 
mental group  for  investigating  normal  relationships  among  basic  psychological 
processes.  An  example  of  the  latter  is  an  investigation  of  the  extent  to  which 
personality^  emotional,  and  motivB,tional  variables  are  related  to  the  perfor- 
mance aspects  of  behavior  rather  than  to  the  percepfeial  process  itself.  Another 
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avenue  of  inquiry  concerns  behavioral  experimental  distinctions  between  those 
perceptxial  processes  which  may  depend  more  directly  upon  neural  structure  in- 
dependent of  experience  and  those  which  depend  to  a  greater  extent  upon  develop- 
ment through  experience  and  upon  the  general  psychological  state  of  the  individual, 
Tb.ese  and  other  researches  with  this  normal  population  have  just  recently  been 
initiated^  but  experience  thus  far  indicates  that  this  program  should  prove  to 
be  a  workable  and  successful  operationo 

Dro  Elough's  studies  of  techniques  for  the  experimental  analysis  of 
instrumental  behavior  in  the  pigeon  have  been  further  developed  and  refined. 
^ecse  techniques  are  proving  especially  valuable  and  efficient  in  the  study 
of  the  basic  processes  involved  in  the  stimulus  control  of  behavior  and  in  the 
study  of  certain  responses  which  wo\Jld  be  difficult  to  explore  with  more  traditional 
methods.  For  example^  the  pigeon  has  been  successfully  trained  to  stand  still 
for  food  reward^  a  response  which  promises  to  be  particularly  useful  in  assess- 
ing effects  of  the  tranquilizing  drugs »  ChLorpromazine  was  foiond  to  increase 
the  ability  of  the  pigeon  to  stand  stilly  whereas  pentobarbital  reduced  this 
ability.  In  many  respects  pentobarbital,  though  not  a  tranquilizer,  has  effects 
which  are  difficult  to  di.std.nguish  behaviorly  from  those  of  the  tranquilizing 
drvigs.  This  emphasis  on  exploratory  work  with  drugs,  however^  is  now  being 
shifted  more  toward  elucidation  of  the  behavioral  principles  themselves  which 
underlie  stimulus  discrimination  and  stimulus  generalization « 

Most  of  the  physical  construction  and  equipment  procurement  for  Dr. 
Calhoun's  Rockville  Farm  Project  has  been  achieved,  and  initiation  of  the 
first  pilot  studies  sho^lld  be  possible  by  the  end  of  this  year.  !Ehis  project 
wi.ll  enable  more  comprehensive  controlled  study  of  the  environmental  and  genetic 
modification  of  biological  systems »  Some  provocative  findings  are  emerging  from 
present  studies  in  this  area.  Analysis  of  two  field  studies  of  mice  and  shrews 
living  in  woodlands  revealed  that  the  several  species  forming  the  community 
eacpress  a  social  hieraxchy  in  their  utilization  of  space.  The  more  dominant 
species  enjoy  greater  home  ranges,  but  within  each  range  the  individual  members 
of  each  species  maximize  distance  from  other  individ^^als .  Behavior  of  the  rat 
in  an  activity  alley  shows  a  negative  exponential  relationship  between  frequency 
and  duK-ation  of  the  'behavior,  and  the  frequency  with  which  trips  are  terminated 
from  a  starting  point  is  inversely  proportional  to  distance.  It  is  not  known 
yet  to  what  escfcent  principles  describing  the  utilization  of  space  through  time 
by  small  mammals  will  be  gener,alizable  to  man,  but  the  movsnent  of  an  ajiimal 
within  its  own  home  range  have  been  found  to  describe  the  distribution  of  church 
members  about  a  church,  and  the  emotional  past  history  of  a  rat  appears  to  alter 
its  utilization  of  space  and  time.  Initial  studies  have  suggested  the  possibility 
that  emotional  conditioning  processes  may  affect  space-time  utilization  through 
function  of  the  reticular  activating  system  of  the  brain  stem.  This  and  other 
physiological  hypotheses  will  be  further  explored  in  relation  to  variables  of 
enviroraaental  structure  and  social  organizationo 
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In  general,  this  year's  activities  have  concentrated  on  specifying  more 
precisely  the  behavioral  deficits  following  brain  damage,  delineating 
more  exactly  the  anatomical  systems  related  to  cognitive  behavior,  and 
developing  automatic-testing  devices  for  use  in  these  problems.  We 
have  been  unable  to  pursue  that  part  of  our  program  concerning  the  emo- 
tional and  motivational  aspects  of  behavior  as  actively  as  intended  be- 
cause of  lack  of  fiinds  and  personnel. 

The  study  involving  the  effects  of  frontal-lobe  damage  on  delayed- 
response  type  tests  in  chimpanzees  has  been  completed  except  for  the 
last  stages  of  anatomical  analysis..  The  results  of  this  study  indi- 
cate that  chimpanzee  performance  like  that  of  monkeys  is  impaired  fol- 
lowing frontal-lobe  damage.  Unlike  monkeys,  however,  they  are  able  to 
recover  from  these  effects  and  after  several  months  of  training  regain 
their  preoperative  performance  level.  Thus,  at  the  end-point  of  their 
training  the  effects  of  frontal-lobe  damage  in  chinipanzees  resembles 
that  in  man  where  no  consistent  effects  of  frontal-lobe  damage  on  prob- 
lem-solving behavior  have  been  demonstrated.  This  study  has  served  a 
valxiable  purpose  in  clearing  up  some  discrepajicies  in  the  literature, 
and  in  demonstrating  the  important  point  that  in  the  highly  developed 
brain,  the  effect  of  damage  in  a  particular  area  may  be  less  than  in 
the  more  primitive  brain. 

The  work  on  the  effects  of  brain  lesions  on  social  behavior  in  primates 
may  be  summarized  as  follows?  Unlike  the  findings  in  monkeys,  social 
dominance  in  chimpanzees  appears  to  be  unaffected  by  temporal-lobe  le= 
sions.  Further,  frontal  lobe  lesions  in  ehin^ianzees  produce  a  tempor- 
ary decrease  in  dominance.  ^Eois  finding  is  compatible  with  the  sub- 
duing effects  in  the  famous  chimpanseesj,  Becky  and  Lucy,  but  is  in  the 
opposite  direction  to  the  effects  of  such  lesions  on  social  behavior 
in  monkeys  (i.e.,  increased  dominance)  described  by  Rosvold  and  Erody. 
In  monkeys  our  studies  show  that  hippocaaipal  lesions  do  not  affect 
social  dominancej  this  is  an  vsnesepected  finding^  since  lesions  in  the 
amygdala,  which  is  anatomically  and  fxaictionally  closely  related  to 
the  hippocampus,  produce  striking  decreases  in  dominance.  The  studies 
on  the  interrelation  between  postopei^ative  experience  and  brain  lesions 
in  determining  postoperative  change  suggest  that  postoperative  experi- 
ence can  determine  this  effect  to  some  extent;  this  research  area,  which 
is  of  considerable  theoretical  importance,  unfortunately  cannot  be  pur- 
sued at  present. 

A  number  of  eentrally=acting  drugs  have  been  investigated  with  the  con- 
tinuous performance  technique:  chlorpromazine,  L.S.D.,,  meperidine, 
several  barbitia-ates,  meprobamste,  benzactyzine  and  d-amphetamine .  The 
resixLts  suggest  that  agents  which  appear  to  depress  activity  in  the 
brain- stem  reticular  system  will  iarpair  performance  on  the  C.P.T.  Tbese 
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data  appeal'  to  mesh  nicely  with  the  resiilts  of  our  epilepsy  studies: 
those  patients  in  whom  the  focus  of  abnormality  is  presumably  in  the 
brain- stem  region  perform  more  poorly  on  this  test  than  other  patients 
in  whom  the  pathology,  although  equaU.y  great;,  is  confined  to  cortical 
structures.  Other  tests  of  "brain-damage"  that  have  been  used  have 
failed  to  differentiate  the  cortical  from  the  non-cortical  subgroups. 

The  new,  improved  version  of  the  C.P.T,  has  recently  been  delivered 
to  us  and  should  provide  great  flexibility  in  investigating  the  para- 
meters of  the  task.  In  addition,  it  will  maice  possible  precise  study 
of  clinical  ictal  and  subclinical  ictal  phenomena  (recorded  electro- 
graphically  as  hypersjmchrony)  in  relation  to  the  maintenance  of  vigil- 
ant or  attentive  behavior.  The  insti*ument  has  aroused  interest  among 
other  investigators  by  virtue  of  its  versatility  and  capacity  to  elicit 
and  measure  behavior  that  could  not  be  handled  so  efficiently  previous- 
ly. 

The  study  of  the  role  of  inferotemporal  neocoi-tex  in  visvially  guided 
behavior  is  being  approached  in  a  variety  of  ■^jays.  Attempts  to  de- 
lineate the  anatomical  connections  between  the  inferoteiiiporal  region 
and  the  primary  visual  system  have  finally  met  with  at  least  tentative 
success.  After  removing  the  temporal  lobe  in  one  hemisphere  and  the 
occipital  lobe  in  the  other,  monkeys  were  trained  to  discriminate 
vistial  stimuli.  The  corpus  callosum  was  then  cut  in  these  animals  and 
they  were  re-trained  on  the  same  visual  discrimination^  Marked  impair- 
ment in  re-learning  was  found,  sxiggesting  callossal  transection  had  in- 
terrupted long  association  tracts,  running  presumably  from  the  intact 
occipitaJL  lobe  through  the  corpus  callostim  to  the  opposite  intact  tem- 
pox''6il  lobe.  The  lack  of  impaixment  following  various  control  opera- 
tions demonstrates  that  the  deficit  in  the  experimental  animals  was 
specific  to  their  particular  coaibination  of  lesions ,  Final  evaliiation 
of  these  results  must  a^rait  replication  of  the  e^^eriment  and  histo- 
logical examination  of  the  lesions.  This  positive  finding  is  of  par- 
ticular interest  in  view  of  the  consistently  negative  findings  that 
have  been  obtained  in  animals  with  subcortical  damage.  Thus,  neither 
the  pulvinar  nucleus  in  the  thalamus,  nor  the  superior  colliciilvis  ap- 
pear to  serve  as  an  essential  relay  station  between  the  inferotemporal 
region  and  the  primary  visiial  system,  Wow  it  appears,  on  the  basis  of 
preliminary  results  from  monkeys  with  combined  pulvinax  and  colllcula,r 
lesions,  that  the  two  structures  in  combination  ai*e  not  the  essential 
relay  stations.  At  the  moment  then,,  cortical- coi'tical  connections  ap- 
pear to  be  implicated. 

The  finding  that  temporal-lobe  damage  produces  visiial  impairment  in 
monkeys  woxild  be  of  greater  theoi'etical  interest  if  similar  resuJLts 
could  be  obtained  in  man.  Unfortunately,  there  is  little  evidence  to 
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support  .;  -ch  an  extension  of  the  animal  data.  A  reasonable 
explanation  for  this  discrepancy  has  been  gleaned  from  recent 
work  on  chimpanzees.  It  vbls   found  that  bilaterally  symmetri- 
cal inferotemporal  lesions  produced  impairment  of  visual  dis- 
crimination in  chimpanzees  which  had  shown  no  impairment  after 
only  a  unilateral  removal.  The  negative  evidence  in  human  pa- 
tients may  be  due  simply  to  the  fact  that  temporal-lobe  path- 
ology in  man  is  rarely,  if  ever,  bilateral  and  symmetrical. 
Recent  work  with  monkeys,  however,  has  demonstrated  that  even 
\milateral  damsige  may  produce  impairment  if  vision  is  limited 
to  the  field  opposite  the  lesion.  On  the  basis  of  these  re- 
sults an  experiment  has  been  planned  to  test  for  possible 
differences  between  tachistoscopic  recognition  in  the  left 
and  right  visual  fields  in  patients  with  left  or  right  tem- 
poral-lobe pathology. 

The  evidence  which  has  been  accvimulated  so  far  supports  the 
notion  that  the  inferotemporal  region  constitutes  v  i*e  link 
in  the  chain  of  cerebral  structures  serving  vision.  The 
study  of  the  neural  activity  of  this  region  should  provide 
important  information  on  the  sequence  of  cerebral  events  in- 
tervening between  stimiilus  reception  at  the  cortex  and  the 
motor  response^  Experiments  are  therefore  being  plaxined  in 
which  the  inferotemporal  cortex  will  be  electrically  stimu- 
lated or  recorded  from  diiring  the  learning  and  performance 
of  visual  discriminations.  Evidence  for  disruption  in  per- 
formance following  stimxilation  or  changes  in  electrical 
activity  d\iring  learning  would  bring  us  one  step  closer  to 
an  tmder standing  of  the  neural  processes  underlying  vision 
aM  perhaps  other  modalities  as  well. 

An  important  discovery  has  been  that  subcortical  structures, 
such  as  the  head  of  the  caudate  nucleus  and  the  splenium  of 
the  corpus  callos'um,  are  involved  in  performance  on  delayed- 
resp-n&v:  -type  problems.  Several  points  have  been  raised  by 
these  findings,   (l)  What  anatomical  relationships  exist 
to  account  for  these  findings?  Anatomical  studies  are  under 
way  to  answer  this  question^  (2)  Are  these  effects  in  fact 
similar  to  those  apparent  in  animals  with  frontal  lesions? 
Studies  are  under  way  comparing  animals  with  caudate  lesions 
and  frontal  lesions  on  a  variety  of  tr :ts.  (3)  What  other 
subcortical  structures  may  be  involved?  Studies  are  under 
way  in  which  animals  are  being  tested  after  lesions  in  other 
subcortical  struct\ares.  (h)   What  functional  relationship 
could  exist  between  the  frontal  cortex  and  the  head  of  the 
caudate  nucleus  to  account  for  their  similar  effects? 
Evoked  potential  studies  are  planned  to  answer  this  question. 


S-oiTunary  I'eport  of  Laboratory  of  Biophysics 
Calendar  Year  19^7 

Kenneth  S,  Cole,  Chief 

The  Laboratory  has  continued  its  efforts  to  understand  the  nature  and 
the  implications  of  the  ion  movements  fundamental  to  the  initiation  and  propa- 
gation of  a  nerve  impulse  and  it  has  nade  substantial  progress » 

The  squid  giant  axon,  vjhich  first  allowed  the  direct  measurement  of  the 
ionic  currents  through  a  nerve  membrane,  remains  the  most  useftd  source  of 
experimental  information,^  The  continuing  improvements  of  techniques  and 
equipment  have  resulted  in  data  on  this  a:con  that  more  close3^r  approach  the 
ideals  of  accuracy,  reproducibility  and  significance  than  heretofore,,  The 
transient  and  steady  state  ion  current  flows  after  an  abrupt  change  of  the 
potential  difference  across  the  membrane  are  determined  much  more  by  the  values 
of  the  initial  and  final  potentials  than  by  the  differeisce  between  them*  For 
an  initial  hyperpolarization  depending  upon  the  axon  and  its  condition,  these 
currents  approach  maxima  which  are  determined  only  hy   the  final  potential 
and  correspond  to  the  rather  surprisingly  Mgh  peak  conductances  of  200  m  mho/cm 
for  both  sodium  and  potassium. 

Further  investigation  of  the  effects  of  external  calcium_  and  magnesium 
ions  added  further  e^/idence  of  the  qualitative  similaritjr  of  the  actions  of 
these  ions,.  A  decrease  of  either  ion  concentration  tends  to  increase  the 
membrane  excitability  by  allowing  sodaxim  current  flow  at  a  reduced  depolari- 
zation, and  in  spite  of  the  opposing  increase  of  potassium  conductance  and 
more  easily  evoked  sodiora  inactivation.  In  procaine  the  potassium  conductance 
and  sodiiu.i  inactivation  changed  slightly  in  the  directions  instability,  but 
the  decrease  of  sodiura  conductance  and  the  increase  of  depolarization  required 
to  achieve  it  accounted  for  the  net  stabilizing  effect  and  suggest  that 
procaine  not  only  reduces  the  number  of  available  paths  for  sodium  ions  but 
also  increases  the  difficulty  of  opening  each  path* 

Not  only  do  the  speeds  of  the  sodium  and  potassium  processes  increase  by 
a  factor  of  three  for  a  ten  degree  centigrade  temperature  rise  as  pre'V'iously 
reported,  but  the  peak  conductances  of  both  of  these  ions  also  increase  ay 
about  sixty  percent..  In  addition  to  confirming  a  preliminary  report  that  the 
squid  axon  action  potential  is  almost  identical  in  artificial  sea  waters 
containing  either  the  normal  sodium  ion  concentration  or  the  same  concentration 
of  lithium  ion,  it  was  found  that  none  of  the  ion  conductance  characteristics 
are  probably  changed  by  more  than  twenty  percent  by  this  substitution^  Both 
the  temperature  and  the  lithium  effects  invite  explanation  in  terras  of  non- 
specific physical  processes  rather  than  chemical  reactions.  A  complete  analj'^is 
of  the  many  records  of  the  ion  ciirrents  has  been  delayed  by  the  need  for  a 
critical  examination  of  several  methods,  including  those  originally  used  by 
Hodgkin  and  Huxley,  for  the  separation  and  empirical  representation  of  the 
sodium  and  potassium  components.. 

An  investigation  of  some  characteristics  of  a  lobster  giant  axon  has 
been  conroleted.  The  changes  of  the  resting  and  action  potentials  produced 
by  alterations  of  the  normally  occurring  external  cations,  and  by  some 
organic  solvents,  are  compared  and  contrasted  with  those  found  in  the  squid 
and  other  axons  in  forthcoming  reports.  Tne  disparities  between  the  activi- 
ties of  synthetic  anti-cholinesterases  on  the  enzyme  and  on  frog  nerve  were 
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found  to  include  the  optical  isomers  of  one  compound  before  the  work  turned 
to  the  more  critical  experiments  on  a  single  node.  Some  progress  was  made 
towards  the  determination  of  ionic  conductances  of  a  single  node  before  the 
project  was  suspended. 

Recalculations  of  the  Hodgkin-Huxley  equations  for  the  squid  axon  on  an 
IBM  70U  have  shown  that  mistakes  in  earlier  con^jutations  were  not  of  physio- 
logical importance  although  they  had  been  the  source  of  some  theoretical 
dif f iculties »  The  new  analog  computation  program  has  begun  with  a  systematic 
examination  of  sin^jlified  Hodgkin-Huxley  equations  in  which  one  or  more 
variables  are  held  constant.  One  result  is  that  either  a  constant  potassium 
conductance  or  a  constant  sodium  inactivation  produces  a  plateau  in  the 
recoveiy  of  the  action  potential  rather  similar  to  that  of  heart  muscle  cells. 
An  investigation  of  passive  iron  wire  models  of  nerve  activity  resulted  in 
the  first  quantitative  theory  of  one  such  system. 
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William  F.    Windle,  Chief 


The  Laboratory  of  Neuroanatomical  Sciences  occupies  space  in 
D  Wing  of  the  Clinical  Center  and  the  East  Wing  of  Building  9.     In 
addition,  certain  research  projects  have  facilities  in  Puerto  Rico.      There 
have  been  no  changes  in  the  regular  professional  staff  during  1957. 


Section  on  Development  and  Regeneration 

This  report  of  the  activities  of  the  Section  on  Development  and 
Regeneration  will  be  divided  for  convenience  into  work  m  the  Bethesda  and 
the  Puerto  Rican  laboratories.      Professional  personnel  at  Bethesda  are: 
Lloyd  Guth^  Richard  L.    Sidman,  Irene  Miale,  Kenneth  M,    Wolf  and 
William  F.    Windle,   Chief.     Harry  H.    Wilcox,   of  the  University  of 
Tennessee,  is  a  consultant.      Those  working  in  San  Juan,   P.  R.  ,   are: 
C.    J.    Bailey,    J.    A.    Ranck,   S.    A.    Altmann.     Marisa  L    R.    Ramirez  de 
Arellano  and  Max  Ramirez  de  Arellano  are  consultants.      C.   A.    Pfeiffer, 
J.    G.    Frontera  and  W.    Stiehl  of  the  University  of  Puerto  Rico  Medical 
School,   are  collaborators. 

Projects  at  Bethesda:       Histological  studies  of  the  spinal  cords 
of  cats,  paraplegic  for  1-2  years,  have  been  continued.     Regenerative 
activities  of  central  nerve  fibers  which  succeeded  in  traversing  the  site 
of  the  transection  under  the  influence  of  such  agents  as  piromen  were 
blocked  by  encroachment  of  massive  scars  which  apparently  were  formed 
from  the  pia  mater,  dura  mater  and  surrounding  tissues.      Vascularity  of 
the  site  of  transection  increased  with  time  and  the  adventitial  sheaths  of 
the  vessels  provided  routes  for  regeneration  into  both  the  rostral  and 
caudal  portions  of  the  spinal  cord  by  nerve  fibers,  principally  from  the 
spinal  nerve  roots.     Anatomical  confirmation  of  successful  regeneration 
of  central  fibers  of  the  mammalian  spinal  cord  has  been  published  by 
scientists  m  another  laboratory  and  plans  are  being  formulated  for 
collaborative  experiments  with  monkeys  in  our  laboratories  late  in  1957 
or  early  in  1958. 

Dr.    Guth  has  continued  investigations  of  neuron  specificities. 
He  has  succeeded  in  restoring  motor  function  to  the  rat's  diaphragm  by 
anastomosing  the  central  end  of  the  cut  vagus  with  the  distal  end  of  the 
cut  phrenic  nerves,  demonstrating  that  visceral  motor  fibers  can  take  over 
the  function  of  somatic  motor  neurons.     Dr.    Sidman  has  carried  out 
experiments  by  other  techniques  to  explore  trophic  properties  of  nerve 
fibers.      In  the  adult  newt,  the  epidermis  plays  a  special  role  in  limb 
regeneration  but  this  is  not  under  nervous  control.     Motor  nerve  fibers 
regenerating  into  the  limb  do  not  enter  the  epidermis. 
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Studies  of  development  of  intrinsic  brain  structure  in  the  human 
embryo  have  been  confined  principally  to  assembling  and  correlating 
information  from  the  literature.     Dr.    Guth  has  translated  Ramon  y  Cajal' s 
classic^  but  now  almost  inaccessible  monograph^   entitled:  "Etudes  Sur  la 
Neurogenese  de  Quelques  Vert^bres".     It  is  expected  that  his  translation 
will  be  published  next  year. 

Studies  of  the  process  of  aging  in  the  nervous  system^  have  been 
continued^   mainly  by  Dr.    Wilcox,  working  on  contract  with  the  University 
of  Tennessee  School  of  Medicine.     In  well-controlled  material  from  the 
brains  of  guinea  pigs  between  birth  and  extreme  old  age^  he  has  found 
that  the  process  of  aging  involves  a  decrease  in  interneuronal  substance 
(neuropil).     During  the  year  a  conference  on  the  Process  of  Aging  in  the 
Nervous  System  was  held  at  Bethesda^  the  proceedings  of  which  are  being 
edited  for  publication. 

A  tissue  culture  laboratory  in  Building  9  for  Dr.    Sidman' s  use 
has  been  under  construction  for  the  past  year  and  now  is  nearly  ready  for 
operation.     In  the  meantime^  Dr.    Sidman  has  devoted  his  energies  to 
other  types  of  work,  notably,   study  of  the  structure  and  chemistry  of 
photoreceptor  cells  in  several  species  but  especially  the  squid.     Dr.    Feder 
of  NIAID,  Laboratory  of  Clinical  Investigations  has  collaborated.     Details 
of  their  study  of  fine  structure  and  histochemistry  of  visual  elements  are 
presented  in  their  annual  report. 

Studies  of  effects  of  reserpine  and  other  drugs  on  monkeys  and 
chimpanzees  which  produce  states  resembling  parkinsonism  in  man  are 
being  terminated.     Results  of  an  attempt  to  abolish  the  hypokinesia, 
rigidity  and  treraor  in  monkeys  by  alcohol  injection  of  the  globus  pallidus 
were  reported  at  the  First  International  Neurological  Congress  in 
Brussels  in  July  by  Drs.    Feringa  and  Windle.     The  tremor  and  rigidity 
was  abolished  transiently  on  the  contralateral  side  but  returned  within 
24  hours  in  chronically  reserpinized  monkeys.     Perhaps  the  most 
significant  observation  resulting  from  research  in  this  area  is  that 
obtained  from  histological  study  of  the  brains  of  African  green  monkeys 
kept  on  minimal  daily  doses  of  reserpine  (0.  2-0.  6  mg/kg)  for  over  18 
months.     In  contrast  with  control  of  material^  neurons  of  various  brain 
stem  nuclear  groups  and  cerebral  cortex  (but  not  cerebellum)  show  a  high 
incidence  of  vacuolation  in  nucleus  as  well  as  cytoplasm.      The  contents 
of  the  vacuoles  have  not  been  identified.     The  significance  of  the  observation 
is  unproved,  but  it  would  appear  that  continuous  administration  of  the  drug 
reserpine,   in  doses  comparable  to  those  in  common  use  in  human 
subjects,   may  not  be  without  adverse  effects  on  the  cytological  structure  of  th 
primate  nervous   system. 

Other  activities  of  the  scientists  in  the  Bethesda  component  of  this 
section  pertain  to  interpretation  of  function  of  neural  elements  by  techniques 
of  histochemistry  and  fluorescent  microscopy.     An  investigation  of  the 
development  of  the  blood-brain  barrier  has  begun  (see  annual  report  by  Wolf) 
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Projects  at  San  Juan:  During  1957  two  groups  of  laboratories  were 
established  at  San  Juan^  Puerto  Rico^  one  adjacent  to  the  Medical  School 
of  the  University  of  Puerto  Rico  and  one  on  the  grounds  of  the  U.    S. 
Public  Health  Service  Clinic,     Facilities  on  the  small  island,  known  as 
Cayo  Santiago^  where  a  free-ranging  colony  of  about  250  Macaca  nnulatta 
monkeys  is  located,  were  renovated.     A  caged  colony  of  3  5  breeding 
females  in  the  San  Juan  laboratories,   and  one  of  about  the  same  size  in 
Bethesda  have  been  established.      These  several  facilities  provide  for 
studies  of  adverse  factors  in  the  perinatal  period  of  monkeys  which  may 
lead  to  neurological  and  psychological  deficits  in  the  offspring.     Pilot 
studies  have  been  carried  out  in  guinea  pigs  and  cats. 

The  principle  topic  of  research  at  present  is  asphyxia  neonatorum 
in  relation  to  neurological  and  psychological  deficits  in  the  offspring  of 
monkeys.     Before  summarizing  this  work,  a  number  of  other  topics, 
touched  upon  during  the  year,  are  noteworthy,      (a)    Dr.    Ranck  and  others 
have  been  standardizing  procedures  for  a  neurological  examination  of  the 
monkey  from  birth  to  maturity.     This  became  necessary  when  it  was 
found  that  no  standard  procedure  existed,      (b)     Certain  adverse  effects  of 
hormonal  imbalance  during  gestation  have  been  investigated  in  the  cat  by 
Dr.    Windle,     Dr.    Pfeiffer  is   studying  endocrine  organs  of  monkeys 
subjected  to  various  degrees  of  anoxia  or  asphyxia,      (c)  Anthropometric 
studies  are  being  carried  out  in  the  free -ranging  monkeys  on  Cayo  Santiago 
as  well  as  on  specimens  in  caged  colonies.      This  part  of  the  work  will 
soon  be  taken  over  by  Dr.    James  A,    Gavan  of  the  Medical  College  of  the 
State  of  South  Carolina  on  a  collaborative  basis,      (d)    An  opportunity 
presented  itself  to  study  hemolytic  anemia  during  pregnancy  of  one  monkey 
in  the  caged  colony.     The  fetus  of  this  animal  was  dead  at  delivery  and 
the  mother  went  into  eclampsia  with  conviolsions  and  urinary  shutdown. 
This  appears  to  be  the  only  reported  example  of  this  condition  in  a  primate 
other  than  man. 

One  of  the  main  objectives  of  the  project  m  Puerto  Rico  is  to 
relate  episodes  of  asphyxiation  at  birth  to  possible  deficits  in  learning 
ability  and  behavior  patterns  after  birth.     Dr.    Bailey  has  completed  a 
study  of  learning  in  guinea  pigs   1-2  years  old,  half  of  which  were  asphyxiated 
and  resuscitated  at  birth.     He  succeeded  in  demonstrating  that  ability  to 
perform  in  certain  mazes  was  impaired  even  after  the  animals  had  attained 
adult  stages.      In  this  same  group  of  animals  Dr,    Marisa  Ramirez  de 
Arellano  carried  out  studies  of  the  electrical  activity  of  the  brain.     She 
established  the  characteristics  of  EEG's  in  the  normal  animal  at  different 
ages  and  found  that  abnormalities  manifested  themselves  in  some  of  the 
asphyxiated  guinea  pigs.     All  the  guinea  pigs  of  this  group  have  been  killed 
by  the  perfusion  fixation  technique  and  the  brains  are  being  prepared  for 
histological  study. 
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A  two-year  study  of  behavior  and  social  organization  was  begun 
on  Cayo  Santiago  in  June  1956  by  Stuart  A,    Altmann  (see  his  annual 
report).     The  free  ranging  colony  of  monkeys  provides  a  unique 
opportunity  in  the  new  world  to  make  controlled  observations  ^  not  only 
of  adults  but  also  of  newborn  and  infant  monkeys.      These  observations 
will  help  interpret  the  behavior  of  controls  as  well  as  asphyxiated 
infant  and  young  monkeys  of  the  caged  colonies. 

The  feasibility  of  breeding  monkeys  in  caged  colonies  has  been 
thoroughly  established.      To  date  24  timed  pregnancies  have  been  obtained 
m  the  caged  colonies ,  which  numbered  only  24  females  at  the  end  of 
January  and  has  gradually  increased  to  70. 

The  main  endeavor  since  establishment  of  caged  colonies  of 
monkeys^  beginning  the  end  of  January  1957,  has  been  to  study  acute 
effects  of  asphyxia  neonatorum  induced  near  the  end  of  gestation  m 
cesarean  section  delivered  animals  or  within  a  few  days  after  birth  in 
vaginally  delivered  animals.      This^   in  a  sense,  has  been  an  exploratory 
investigation.      To  date^  the  principle  results  have  been  as  follows. 
Survival  time  after  asphyxiation  appears  to  vary  inversely  with  age  of  the 
subject.     At  the  end  of  gestation  (1  64- 168  days)  monkeys  were  readily 
resuscitated  after  13  or  14  minutes  of  asphyxiation.     By  7  weeks  of  age 
the  maximum  time  of  survival  in  an  atmosphere  of  nitrogen  was  less  than 
4  minutes       All  infant  monkeys  subjected  to  experimental  asphyxia 
neonatorum  exhibited  marked  neurological  deficits  after  resuscitation       The 
acute  effects  were  impairment  or  cessation  of  respiratory  activities,     impair- 
ment of  the  establishment  of  consciousness,  blocking  of  sensory  functions, 
blocking  of  reflexes^  depression  of  the  rate  of  the  heart  beat  with 
abnormalities  in  the  EKG,  blocking  of  visceral  functions.      Recovery  of 
many  of  these    functions  occurred  gradually  with  time       However  ,  all 
animals  remained  unnaturally  guiet  and  presented  acute  nursing  and  care 
problems  3   inasmuch  as  they  lost  the  ability  to  suck.      By  24  hours  after 
resuscitation^  most  of  them  improved  to  such  a  degree  that  the  investigators 
expressed  optimism  for  eventual  recovery      However,   by  36  to  48  hours  , 
the  condition  of  those  which  were  most  severely  asphyxiated  deteriorated 
markedly,  muscle  fasciculation^  nasal  regurgitation  j  impaired  i-notor  and 
sensory  functions  ;   somnolence,  visceral  disturbances,    status  epilepticus, 
and  respiratory  a.rrest  were  encountered- 

Most  of  these  young  animals  were  killed  at  different  ages  for 
histological  studies       Some  of  them  are  still  living  and  being  used  for 
psychological  studies  together  with  randomly  chosen  babies  delivered  by 
similar  techniques.     Sections  of  the  brains  of  6  monkeys  have  been 
examined.      These  were  animals  killed  between  2  hours  and  6  days  after 
resuscitation.      They  have  been  compared  with  similar  sections  from  control 


"  23- 


brains.     Extensive  cell  changes  are  evident  in  the  brains  of  all  the 
experimental  animals.     The  only  animal  which  showed  petechial     cerebral 
hemorrhages  was  the  one  which  exhibited  status  epilepticus.      In  5  others 
the  principal  abnormality  appeared  to  be  neuronal  lysis.     This  was  found 
throughout^  but  the  changes  were  more  marked  in  the  cerebellum,  dentate 
nucleus  and  certain  centers  of  the  brain  stem  than  in  the  cerebral  cortex 
or  basal  ganglia.     The  damage  was  diffuse  rather  than  focal.      It  was  of 
such  a  nature  that,  had  the  animals  lived  for  6  months  or  more,   it  might 
have  been  difficult  to  ascertain  with  certainty  that  structural  abnormalities 
existed.     Such  changes  after  asphyxiation  at  birth  have  not  been  reported 
in  any  primate. 


Section  on  Experimental  Neuropathology 

The  professional  personnel  of  the  Section  on  Experimental 
Neuropathology  consists  of  Helen  J.    Ramsey  and  Jan  Cammermeyer,   Chief. 

The  main  objective  of  the  section  has  been  to  reveal  factors 
concerned  with  development  of  the  myelopathies.     Research  activities 
have  been  directed  towards  three  aims: 

(1)  To  develop  a  procedure  which  permits  an  estimation  of  volume 
of  the  spinal  cord  on  the  basis  of  the  animal's  size  and  then  to  conclude 
whether  the  spinal  cord  is  affected  in  a  given  experimental  situation. 
Another  procedure  attempts  to  predict  the  size  which  the  spinal  cord  will 
attain  after  several  months  of  growth  of  the  animal.     Such  information  is 
needed  for  an  evaluation  of  long  term  experiments.     In  the  course  of  these 
studies  sex,  age  a.nd  species  have  been  found  to  be  the  factors  influencing 
the  size  of  the  spinal  cord. 

(2)  To  study  the  distribution  of  extradural  fat.     This  study  has 
been  almost  completed  by  Dr.    Ramsey  in  several  species  of  animals  of 
different  age.     Although  certain  specific  patterns  have  been  established 
in  the  distribution  of  fat,  the  amount  of  fat  is  quite  variable.      This  would 
seem  to  be  another  faxtor  of  importance  for  the  proper  functioning  of 
the  spinal  cord. 

(3)  To  perfect  histological  techniques  for  the  purpose  of 
establishing  standard  conditions  of  microscopical  investigations  of 
experimental  myelopathy.     After  having  critically  surveyed  the  technical 
procedure,  the  investigators  are  now  in  position  to  evaluate  properly 
subtle  changes  of  neurons,  myelin  and  glia  and  to  dismiss  as  not 
significant  certain  other  changes  usually  encountered  in  microscopical 
material,   such  as  variability  in  the  staining  of  neurons,  the  size  of 


glia  and  appearance  of  myelin.      The  emphasis  has  been  placed  on 
formulation  of  standard  procedures  for  examination  of  the  spinal  cord  m 
animals  because  only  when  such  formulation  is  completed  is  one  able  to 
correlate  moderate  functional  neurological  dysfunctions  with  subtle  morpho- 
logical changes.      This  will  be  necessary  before  an  attack  can  be  directed 
against  the  problems  concerned  with  the  development  of  myelopathies., 


Section  on  Functional  Neuroanatomy 

Professional  personnel  of  the  Section  on  Functional  Neuroanatomy 
are:    Leo  C.    Massopust;   Richard  Gacek  and  Grant  L.    Rasmussen^   Chief. 
This   section  concerns  itself  primarily  with  nervous  pathways  and 
connections  of  the  brain  and  spinal  cord. 

The  origin  and  termination  of  the  medial  longitudinal  fasciculus  in 
the  brain  stem  and  spinal  cord  by  means  of  axonal  and  terminal 
degeneration  methods  have  been  studied  by  Drs,    Massopust  and  Rasmussen, 
The  termination  of  spinal  components  of  this  tract,   consisting  chiefly  of 
vestibulospinal  fibers  ^   has  been  more  definitely  localized  to  cell  groups  of 
the  spinal  gray  matter,  in  the  brain  stem    the  medial  longitudinal 
fasciculus  has  been  found  to  send  some  of  its  fibers  beyond  the  midbrain 
to  the  subthalamic  region. 

Studies  on  the  auditory  afferent  and  efferent  systems  have  been 
continued  by  Dr.,    Rasmussen^  with  the  cochlear  nucleus  receiving 
particular  attention  during  the  past  year.      The  experimental  anatomical 
findings  indicate  that  the  dorsal  cochlear  nucleus  plays  an  iinportant  role 
in  control  over  cochlear  nerve  afferents   received  by  the  ventral  cochlear 
nucleus.      The  vast  majority  of  cochlear  nerve  fibers  terminate  m  the 
ventral  nucleus  while  the  dorsal  cochlear  nucleus   receives  predominantly 
short  and  long  efferent  or  feed  back  connections  from  different  parts  of 
the  central  nervous   system. 

Mr.    Robert  Boord^,   a  graduate  student  of  the  University  of 
Maryland,  worked  during  the  summer  on  a  problem  dealing  with  the 
innervation  of  the  chinchilla  inner  ear.     This  study  will  be  completed  at 
the  University  of  Maryland  and  NIH  during  the  coming  year. 

The  efficaciousness  of  the  synaptic  stain  developed  by  Dr. 
Rasmussen  has  been  further  explored  and  tested  on  various  synapses  in 
different  regions  of  the  central  nervous  system.     It  has  proven  to  be 
specific  for  demonstration  of  a  "granular  synaptic  substance"  in 
practically  all  endings  in  the  young  as  well  as  the  adult  animal.      The 
clarity  a.nd  completeness  of  staining  is  a  virtue  taken  advantage  of  in 
present  studies  of  interneuronal  relationships  by  the  experimental  method 
of  Wallerian  degeneration.     Disappearance  of  synapses  related  to  neurons 
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damaged  can  be  noted  and  the  relative  number  of  synaptic  connections 
playing  upon  a  single  nerve  cell  that  originates  from  different  anatomical 
and  functional  sources  may  be  determined.      In  studies  of  normal  material 
dealing  with  the  maturing  terminals  of  young  kittens^  this  technique  shows 
that  synapses  make  their  appearance  much  earlier  than  previously  noted  , 
a  finding  which  correlates  more  nearly  with  behavior  studies  of  the  young. 

Dr.    Chaco  of  India,   guest  of  this  section  during  one  nnonth  of 
the  summer,   employed  the  synaptic  stain  successfully  to  a  problem 
dealing  with  synaptic  endings  of  the  spinal  cord  of  lower  vertebrates. 


Section  on  Neurocytology 

The  professional  personnel  of  the  Section  on  Neurocytology  are: 
Milton  W.    Brightman,   R.    Wayne  Albers  and  Sanford  L.    Palay,   Chief. 
Dr.    Samuel  McGee-Russell ,     Birkbeck  College,   University  of  London, 
spent  the  year  with  this  section  as  a  Visiting  Scientist.     Dr.    Jean  Gruner, 
University  of  Strasbourg,   was  a  guest  m  the  laboratory  for  a  two-month 
period,   January  to  March,      The  principle  objective  is  to  conduct  research 
into  the  fine  structure  of  the  nervous  system,  histochemistry  and  neuro- 
secretion. 

A  laboratory  for  studying  fine  structure  by  means  of  electron 
microscopy  has  been  activated  during  the  past  year  with  the  installation 
of  an  electron  microscope  and  associated  equipment.      Investigation  of  the 
structure  of  synapses  and  neuron- glia  interrelations  in  the  brains  of  fish 
and  mammals  is  in  progress.     Dr.    Palay  attended  an  international 
symposium  on  the  structure  and  function  of  the  neuron  held  in  Caracas, 
Venezuela,  at  which  he  presented  a  paper  on  the  ultrastructure  of  the 
synaptic  junction. 

Drs.    Brightman  and  Albers  have  studied  the  distribution  of  true 
and  pseudocholinesterase  activity  in  the  central  nervous  systems  of  cats 
and  rats.     The  perikarya  of  neurosecretory  neurons  contain  true 
cholinesterase  activity  w^hereas  their  endings  in  the  neurohypophysis  do 
not.      Pseudocholinesterase  activity  occurs  in  the  glial  cells  of  the  cat's 
spinal  cord  whereas  in  spinal  cord  and  brain  of  the  rat,  activity  is 
confined  to  the  vascular  endothelium.     This  observation  may  be  related 
to  the  locus  of  the  blood-brain  barrier  and  may  be  helpful  in  an 
analysis  of  myelogenesis. 

Drs.    Albers  and  Brightman  have  also  completed  an  interesting 
study  of  dilute  alcohol  extracts  obtained  from  frozen  sections  of  the 
neurohypophysis  of  the  rat.     These  extracts  contain  a  proteinaceous 
material  which  is  present  in  large  amounts  in  the  neurohypophysis  of 
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hydrated  rats  but  is  absent  from  the  glands  of  animals  given  restricted 
amounts  of  water  for  several  days.      When  this  material  was  assayed^  the 
investigators  found  that  practically  all  of  the  antidiuretic  hormonal 
activity  of  the  neurohypophysis  was  in  this  fraction.     Since  it  has  been 
known  for  several  years  that  the  neurohypophysial  hormonal  activities 
can  be  isolated  in  small  molecules  (octapeptides)  ^  this  work  demonstrates 
that  the  active  natural  hormones  are  not  secreted  as  small  molecules  but 
are  m  fact  associated  with  a  protein^ 

Dr.    Albers,   in  association  with  Dr,    Brady  of  the  Laboratory  of 
Neurochemistry,  has  been  studying  the  localization  of  glutamic 
decarboxylase  in  the  nervous  system.      This  enzyme  is  absent  from  white 
matter^  the  neurohypophysis  and  the  pineal  gland,  but  is  high  in  certain 
areas  of  the  gray  matter.     The  reaction  which  this  enzyme  catalyzes  results 
the  production  of  y -amino  butyric  acid,   which  is  an  inhibitor  of  synaptic 
transmission       The  localization  of  this  enzyme  is  therefore  of  undoubted 
importance  in  an  analysis  of  cerebral  metabolism  and  function. 
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During  the  past  yearj,  efforts  to  recruit  a  chief 
for  this  laboratory  v/ere  continued.   We  identified  success- 
ively two  distinguished  investigators  each  of  whom  could 
mount  a  most  impressive  and  fruitful  program  of  research  in 
this  field.   Each  was  greatly  attracted  to  the  Basic  Research 
Program.   The  only  handicap  v/as  lack  of  sufficient  space. 
Each  was  v/illing  to  give  up  much  of  the  luxury  of  space 
where  they  were  in  favor  of  the  values  of  interdisciplinary 
transaction  available  hereo   But  if  they  came  here  they 
would  have  to  amputate  too  much  of  what  they  want  to  do 
and  are  prepared  to  dOj  in  order  to  be  accommodated  within  -^ 
the  space  we  have  available «   We  considered  a  number  of 
alternate  plans  for  re-arrangement  of  space  available  to 
the  Basic  Research  Program  as  a  whole,  in  order  to  make 
this  key  recruitment  possible.   We  tried  to  v/in  back  space 
which  historically  had  been  "loaned"  outside  the  Basic 
Research  Program.   In  every  case,  we  failed.   Each  of  the 
scientists  concerned  would  have  been  content  to  join  the 
Prograra,  do  as  much  as  possible  with  the  space  presently 
available  and  await  the  construction  of  new  space, provided 
only  that  we  could  indicate  that  such  construction  would 
probably  take  place  witliin  a  few  years.   There  are  clearly 
many  uncertainties  in  such  contingency.   Therefore,  the 
matter  was  dropped  for  the  time  being.   Until  more  space 
becomes  available ^  it  will  not  be  possible  to  establish 
the  one  or  two  additional  Sections  and  bring  to  the  Labora- 
tory the  overall  leadership  needed  to  fulfill  our  research 
objectives  in  Neurochemlstry. 

Meanwhile,  the  two  already  established  Sections 
have  continued  to  demonstrate  that  they  are  capable  of 
pursuing  important  issues  profitably.   The  Section  on 
Physical  Chemistry  under  the  leadership  of  Dr.  Alexander 
Rich,  has  made  significant  advances  in  the  determination 
of  the  shape  and  dimensions  of  several  families  of  large 
molecules.   These  are  variously  concerned  with  cell  re- 
plication and  grov/th,  the  "coding"  of  amino  acids  along 
protein  strands,  the  control  of  protein  conjugating 
systems  by  metallic  ions,  the  binding  of  key  metallic 
ions  to  protein  complexes,  and  the  structure  al  role  of 
certain  protein-steroid  complexes  relating  to  myelin. 
The  Section  has  already  received  wide  recognition  for  its 
investigations  concerning  the  structure  of  collagen,  DNA 
and  RNA  and  for  its  comparative  studies  of  natural  and 
synthetic  polynucleotides.   The  key  to  many  problems 
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of  importance  to  an  underst adding  of  the  nervous  system 

will  be  found  by  exaitiiHiag  the  s&ape  and  activity-configuation 

of  these  molecules. 

The  Section  on  Lipid  Cfeesistryj  led  by  Dr.  Roscoe  Brady, 

has  completed  a  year  of  accoiaplishirjent  in  relation  to  our 
understanding  of  lipid  forHatioa  and  structure,  and  of  the 
mechanisms  of  action  of  certain  nimble  elements  concerned 
with  the  initiation  and  inhi'bition  of  the  nerve  action 
potential,   Sphingosine  synthesis  has  now  been  accounted 
for,  the  mechanism  of  incorporation  of  glucose  and  galactose 
into  cerebrosides  has  been  shown  and  a  further  advance 
has  been  made  toward  defining  the  nature,  origin  and  dis- 
position of  myelin.   Ga!';iiiiia-ai?aino  butyric  acid  has  recently 
caused  quite  a  stir  among  neuropkysiologists  and  neurochemists 
as  an  exarriple  of  a  synaptic  ii^iiliibitor  comparable  to  the 
synaptic  excitants  such  as  epinephrine  and  nor~epinepyrine. 
The  Section  has  contributed  toward  knowledge  of  both  the 
source  and  fate  of  this  compound  within  the  brain.   By 
combining  talents  with  the  Section  on  Special  Senses  in 
the  Laboratory  of  Neurophysiology ,  Dr.  Brady  has  found  that 
compounds  releasing  free  radicals,  and  compounds  interfering 
with  certain  redox  potential  nechanisras  within  the  squid 
axo!n  raay  provide  an  avenue  of  approach  for  the  ultimate 
chemical  analysis  of  the  mechanisms  governing  the  nerve 
action  potential. 

Summar^r  reports  prepared  by  the  Section  Chiefs 
follow: 


Section  on  Physical  Chemistry 

A.  Rich,  Chief  29. 

One  of  the  main  activities  of  the  Physical  Chemistry 
Section  consists  of  studying  the  properties  and  physical  structure 
of  ribonucleic  acid.   This  substance,  an  elongated  poljnneric  mole- 
cule composed  of  a  sequence  of  nucleotide  units,  has  been  shown  to 
be  of  fundamental  importance  in  the  economy  of  the  cell.   It  is 
found  in  the  microsomal  particles  which  are  the  site  of  protein 
synthesis.   It  is  believed  that  the  RNA  in  these  particles  somehow 
determines  the  sequence  of  amino  acids  in  the  protein  to  be  syn- 
thesized.  Thus,  the  RNA  has  an  important  function  in  transmitting 
information,  i.e.,  concerning  amino  acid  sequences,  from  one  poly- 
meric species  (nucleic  acids)  to  another  (proteins).   In  addition 
to  this,  another  function  of  prime  importance  is  the  transmission 
of  genetic  information.   Thus,  it  has  been  shown  that  RNA  can  act 
as  a  carrier  of  genetic  material  in  several  RNA-containing  viruses. 
In  this  role,  the  RNA  acts  as  a  carrier  of  information  from  one 
nucleic  acid  molecule  to  a  large  nviraber  of  nucleic  acid  molecules 
in  the  daughter  viruses.   In  this  respect,  RNA  shares  this  ability 
with  deoxyribosenucleic  acid  (DNA)  which  is  the  main  carrier  of 
genetic  information. 

In  view  of  the  participation  of  RNA  in  these  two  fundamental 
cellular  processes,  the  Section  on  Physical  Chemistry  is  studying 
the  molecular  architecture  of  the  RNA  molecule  in  the  hope  of 
elucidating  its  molecular  structure  in  order  to  obtain  an  under- 
standing of  the  molecular  mechanisms  behind  these  activities.   In 
this  regard,  it  is  quite  possible  that  the  role  of  this  molecule 
is  even  more  significant  in  nervous  tissue  than  in  other  tissues 
since  an  essential  activity  associated  with  nervous  tissue  is 
information  transfer.   How  this  is  accomplished  on  the  molecular 
level  in  nervous  tissue  is  of  course  unknown  at  the  present  time. 
However,  fragmentary  information  is  available  which  suggests  that 
the  nucleic  acids  play  an  essential  role  in  this  activity. 

The  Section  on  Physical  Chemistry  has  been  studying  the 
synthetic  polyribonucleotides.   These  are  molecules  composed  of 
the  same  linear  array  of  nucleotide  subunits  as  is  found  in  the 
naturally  occurring  nucleic  acids.   However,  they  can  be  prepared 
enzymatically  and,  what  is  most  significant,  the  sequence  of 
nucleotide  bases  can  be  controlled  during  the  polymerization. 
Thus,  it  is  possible  to  prepare  not  only  a  nucleic  acid-like  mole- 
cule which  has  all  four  of  the  constituent  nucleotides  found  in 
naturally  occurring  RNA,  but  it  is  also  possible  to  prepare  nucleo- 
tide polymers  which  contain  only  one  nucleotide.   This  is  of  funda- 
mental importance  in  terms  of  elucidating  the  structure  of  the 
molecule  since  it  superimposes  a  degree  of  simplicity  on  the  mole- 
cule which  is  not  found  in  nature.   This  simplicity  permits  us  to 
study  the  conf igurational  details  of  the  molecule  in  a  form  which 
is  simplified  to  a  point  where  we  can  solve  the  problem. 
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About  a  year  and  a  half  ago,  we  discovered  that  two  of  the 
synthetic  polyribonucleotides,  polyadenylic  acid  and  polyuridylic 
acid,  would  combine  together  to  form  a  two-stranded  helix  in 
which  the  uracil  and  adenine  residues  are  hydrogen  bonded  to  each 
other  with  a  specific  set  of  hydrogen  bonds.   These  are,  in  fact, 
the  same  type  of  hydrogen  bonds  which  hold  together  the  two- 
stranded  helical  DNA  molecule.   This  discovery  attracted  a  great 
deal  of  interest  because  it  showed  how  intimate  was  the  relation- 
ship between  DNA  and  RNA.   As  was  noted  above,  both  of  these 
molecules  have  the  ability  to  transmit  genetic  information,  and 
this  discovery  has  led  to  the  tentative  conclusion  that  both 
molecules  carry  out  this  function,  using  the  same  molecular 
mechanism,  i.e.  separation  into  two  single  strands  with  the 
formation  of  a  complementary  strand  to  yield  two  identical  mole- 
cules . 

During  the  last  year,  we  made  a  series  of  additional  dis- 
coveries.  Among  the  first  of  these  was  the  discovery  that  it  is 
possible  to  make  a  three-stranded  nucleic  acid.   Thus,  when  the 
two-stranded  polyadenylic  acid  plus  polyuridylic  acid  is  put  into 
a  solution  with  an  additional  molecule  of  polyuridylic  acid  and 
small  amounts  of  magnesium  ions,  it  will  combine  to  form  a  three- 
stranded  molecule.   This  three-stranded  molecule  was  discovered 
by  a  spectrophotometric  and  ultracentrifuge  investigation.   More 
recently,  a  detailed  X-ray  diffraction  pattern  has  been  obtained 
from  which  we  will  be  able  to  work  out  the  details  of  the  molecu- 
lar arrangement  of  the  three  chains.   This  is  the  first  time  that 
a  three-stranded  nucleic  acid  molecule  was  discovered,  and  it  may 
be  significant  in  pointing  out  the  manner  in  which  nucleic  acid 
molecules  function.   One  of  the  probable  reactions  of  the  DNA 
molecule  is  that  it  aids  in  the  specific  synthesis  of  an  RNA 
molecule.   By  doing  this,  it  transfers  information,  i.e.,  nucleo- 
tide sequence  from  one  polymeric  ^pecies  to  another.   It  is 
possible  that  this  is  accomplished  by  forming  a  single-stranded 
RNA  molecule  which  is  wrapped  around  a  two-stranded  DNA  molecule. 
Accordingly,  the  discovery  of  three-stranded  nucleic  acids  seems 
of  potential  importance. 

Further  investigations  concerning  other  polynucleotide 
interactions  have  been  carried  out,  and  several  have  been  dis- 
covered.  Among  the  first  of  these  was  a  combination  involving 
polyadenylic  acid  with  polyinosinic  acid.   Polyinosinic  acid  is 
closely  rela1;ed  to  polyguanylic  acid  and  as  such  is  of  importance 
in  our  understanding  of  the  naturally  occurring  nucleic  acids. 
It  was  found  that  polyadenylic  acid  and  polyinosinic  acid  would 
combine  together  to  form  a  two-stranded  helical  molecule.   It 
was  also  found  that  an  additional  strand  of  polyinosinic  acid 
could  join  the  two-stranded  complex  to  form  a  three-stranded 
complex,  polyadenylic  acid  plus  2  polyinosinic  acid.   This  is, 
of  course,  similar  to  the  system  polyadenylic  acid  plus  2  poly- 
uridylic acid. 
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Another  discovery  was  made  concerning  the  interaction  of 
polyinosinic  acid  and  polycytidylic  acid.   These  two  molecules 
will  combine  to  form  a  two-stranded  helical  arrangement.   It  is 
interesting  to  note  that  this  two-stranded  molecule  will  not 
form  a  three-stranded  one  in  contrast  to  the  two  systems  men- 
tioned above.   The  most  interesting  feature  of  this  combination 
is  that  it  has  an  X-ray  diffraction  pattern  which  is  very  simi- 
lar to  that  which  is  found  in  naturally  occurring  RNA.   Accord- 
ingly, by  working  out  its  structure,  we  should  learn  something 
about  the  configuration  of  RNA  when  it  is  extracted  from  cells. 

Another  discovery  was  made  concerning  the  structure  of 
polyinosinic  acid  itself.   It  has  been  found  that  this  molecule 
exists  as  a  three-stranded  helical  structure  with  a  cyclic 
system  of  hydrogen  bonds  holding  together  the  three  strands. 
Although  this  structure  is  quite  interesting,  it  is  difficult 
to  relate  it  to  the  configuration  of  the  naturally  occurring 
nucleic  acids. 

If  we  assess  the  total  amount  of  information  known  about 
the  configuration  of  the  synthetic  polyribonucleotides,  we  find 
that  we  have  deduced  a  total  of  eight  different  structures  which 
will  form  from  these  polynucleotides.   These  provide  an  adequate 
basic  set  of  information  from  which  we  hope  to  go  on  to  deduce 
the  configuration  of  RNA  in  cellular  systems. 

While  studying  the  synthetic  polyribonucleotides,  we  have 
not  neglected  to  study  naturally  occurring  RNA  itself.   Thus,  a 
study  was  carried  out  of  methods  of  extracting  RNA  from  muscle 
tissue  in  order  to  obtain  it  in  an  undegraded  form.   In  addition, 
studies  were  made  of  the  effects  of  metal  ions  on  the  stability 
and  sedimentation  properties  of  naturally  occurring  RNA.   These 
have  shown  that  metal  ions  in  small  quantities  are  able  to 
stabilize  naturally  occurring  RNA  probably  by  serving  as  sites 
which  bind  together  the  negatively  charged  phosphate  groups  and 
thereby  decrease  the  amount  of  internal  electrostatic  repulsion 
energy  in  these  molecules. 

Another  aspect  of  the  program  of  the  physical  chemistry 
section  has  been  the  study  of  the  structure  of  protein  mole- 
cules.  As  in  previous  years,  we  have  continued  to  work  on  the 
structure  of  collagen,  the  major  fibrous  protein  in  the  animal 
kingdom.   Refinements  have  been  carried  out  on  the  molecular 
structure  proposal  made  two  years  ago.   This  proposal  has  now 
been  accepted  quite  generally  by  the  scientific  community  as 
providing  a  basis  for  the  structure  of  collagen.   Studies  have 
been  made  concerning  the  interaction  of  different  collagen 
chains  with  each  other  and  the  effect  of  various  amino  acids 
side  chains  on  the  stability  of  the  molecule.   A  recent  addi- 
tion has  been  the  study  of  elastin,  a  closely  related  protein 
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which  provides  the  elastin  components  of  blood  vessels  and  con- 
nective tissues.  Preliminary  studies  of  this  molecule  indicate 
that  it  has  a  structure  similar  to  a  somewhat  degraded  collagen 
molecule . 

An  investigation  has  been  carried  out  on  the  coordination 
of  the  porphyrin  group  to  the  protein  part  of  cytochrome  C. 
This  has  been  done  by  making  a  thermodynamic  study  of  the  bind- 
ing of  various  small  molecules  such  as  azide  or  cyanide  to  the 
iron  atom  in  cytochrome  C,   From  this,  information  may  be  obtained 
concerning  the  amino  acid  side  chains  which  are  of  importance 
in  holding  the  heme  group  to  the  protein. 

Further  work  has  been  carried  out  on  the  interesting  inter- 
action between  steroid  molecules  and  amino  acids  or  peptides. 
These  interact  to  form  a  helical  structure  with  a  diameter  of 
40  A.   Studies  have  been  carried  out  on  the  number  of  amino  acids 
which  will  interact  with  the  steroid  (sodium  desoxycholate) .   It 
has  been  found  that  a  large  variety  of  amino  acids  and  peptides 
will  interact.   All  of  these  form  the  same  helical  structure 
although  there  is  some  modification  of  the  helix  as  a  function  of 
different  amino  acids.   Further  studies  are  being  carried  out  on 
this  complex  to  ascertain  the  molecular  configuration  of  the 
steroid  molecule.   Steroids  play  an  important  part  in  the  struc- 
ture of  the  myelin  and  fatty  components  of  nervous  tissues  and 
it  is  hoped  that  these  studies  will  provide  some  understanding 
of  the  modes  of  packing  steroid  molecules  together.   This  may 
lead  to  an  understanding  of  the  unique  role  which  steroids  play 
in  the  nervous  system. 


Section  on  Lipid  Chemistry 

R.  0.  Brady,  Chief  33- 

The  primary  goal  of  this  section  is  to  elucidate  the  path- 
way of  synthesis  and  metabolic  fate  of  the  complex  lipids  of  the 
nervous  system.   This  problem  has  been  approached  by  investigating 
the  formation  of  several  of  these  components  using  enzyme  systems 
obtained  from  brain  tissue.   The  distinguishing  characteristic  of 
the  major  portion  of  neural  lipids  is  the  presence  of  the  long 
chain  dihydroxyamine,  sphingosine,  which  forms  the  basic  structural 
unit  of  these  complex  lipids.   Accordingly,  an  elaboration  of  the 
enzymatic  mechanism  of  sphingosine  synthesis  is  of  paramount 
importance  for  understanding  the  formation  of  these  lipids.   We 
have  succeeded  in  demonstrating  for  the  first  time  the  enzymatic 
synthesis  of  sphingosine  (NINDB-NCl)  and  have  characterized  the 
enzyme  system  and  identified  the  cofactors  required  for  this 
process.   That  the  reaction  is  exceedingly  complicated  is  indi- 
cated by  the  observation  that  at  least  eleven  non-enzymatic 
components  are  required  for  the  final  step  in  this  process.   These 
findings  are  of  considerable  interest  since  a  relative  insuffi- 
ciency of  any  one  of  these  materials  could  potentially  interfere 
with  the  formation  of  myelin.   Furthermore,  in  the  course  of  these 
investigations,  the  pathway  of  formation  of  long  chain  fatty 
aldehydes  has  been  discovered.   These  latter  materials  constitute 
the  characteristic  moieties  of  another  group  of  cerebral  lipids 
called  plasmalogens. 

Perhaps  the  most  representative  of  the  complex  cerebral 
lipids  are  cerebrosides .   These  compounds  are  composed  of  an 
extra-or dinar ily  long  chain  fatty  acid  in  an  amide  linkage  with 
the  amino  group  of  sphingosine.   A  third  portion  of  these  compounds 
is  a  molecule  of  either  glucose  or  galactose  joined  with  the 
primary  alcoholic  group  of  sphingosine  by  a  glycosidic  bond.   We 
have  succeeded  in  demonstrating  for  the  first  time  the  enzymatic 
incorporation  of  glucose  or  galactose  into  cerebrosides  (NINDB- 
NC4)  .   The  enzjnne  system  obtained  from  brain  tissue  has  been 
characterized  and  the  specific  uridine  nucleotide  cofactors 
required  for  this  synthesis  have  been  identified.   Of  particular 
interest  was  the  identification  of  the  pathway  of  incorporation  of 
galactose  into  cerebrosides.   The  experiments  performed  in  this 
series  of  investigations  indicated  that  in  contrast  with  the 
mechanism  of  formation  of  uridine  diphosphate  glucose  from  glucose- 
1-phosphate  and  uridine  triphosphate,  an  analogous  enzyme  for  the 
formation  of  uridine  diphosphate  galactose  was  absent  in  brain 
tissue.   The  formation  of  the  appropriate  galactose  nucleotide  from 
galactose- 1- phosphate  occurred  only  in  the  presence  of  catalytic 
amounts  of  uridine  diphosphate  glucose  which  indicates  the  presence 
of  a  novel  transferring  enzyme  in  brain  tissue  called  galactose- 1- 
phosphate  uridyl  transferase.   It  should  be  indicated  ,)iere  that  when 
glucose  is  employed  as  substrate,  it  is  actually  incorporated  into 
cerebrosides  as  galactose  confirming  the  presence  of  the  enzyme 
uridine  diphosphate  galactose  epimerase  in  these  preparations. 
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In  addition  to  the  fact  that  cerebrosides  are  important     P 
constituents  of  the  myelin  sheath,  there  are  several  disease  states 
associated  with  an  overabundance  of  such  compounds,  particularly 
Gaucher 's  disease  or  Tay-Sachs'  disease.   In  the  latter  condition 
related  materials  called  gangliosides  accumulate  in  pathologic 
quantities  in  the  bralTt.   We  are  at  present  investigating  the 
metabolism  of  cerebrosides  using  tritiated  galactocerebrosides  in 
these  studies.   Furthermore,  we  are  exploring  the  effect  of  certain 
antimetabolites  such  as  deoxyglucose  and  deoxygalactose  on  cerebro- 
side  formation. 

Since  cerebrosides  contain  long  chain  fatty  acids  as  well  as 
sphingosine  and  a  sugar  molecule,  we  wish  to  investigate  the  incor- 
poration of  fatty  acids  into  ceramides  (sphingosine-f atty  acid)  or 
cerebrosides  (NINDB-NC5) .   A  search  for  the  appropriate  tissue 
source  and  enzyme  system  will  be  initiated  shortly. 

Another  important  class  of  cerebral  lipids  under  investiga- 
tion in  this  laboratory  consists  of  inositol  lipids.   These 
materials  are  particularly  interesting  because  they  have  been  found 
to  exhibit  the  highest  rate  of  metabolic  turnover  of  all  of  the 
cerebral  lipids.   We  have  demonstrated  for  the  first  time  the 
enzymatic  incorporation  of  inositol  into  this  type  of  lipid  and 
have  identified  the  particular  cytidine  nucleotide  cofactor  requirec 
for  this  process  (NINDB-NC7) .   This  process  was  investigated  with 
the  use  of  tritiated  inositol  and  in  the  course  of  these  investiga- 
tions several  new  techniques  for  the  handling  and  radioactive  assay 
of  tritiated  compounds  have  been  developed  (NINDB-NC8) .   Of  partic- 
ular interest  in  this  regard  was  the  innovation  of  the  use  of 
silica  counting  vials  which  improved  the  low  level  counting  of 
tritiated  samples- immensely .   Another  technique  developed  here  was 
the  extraction  of  lyophylized  tissue  samples  with  an  appropriate 
solvent  system  for  direct  radio-assays  of  tissue  specimens.   These 
techniques  proved  to  be  particularly  feasible  for  the  study  of 
metabolism  of  meprobamate,  a  tranquilizing  agent  currently  in  wide 
use  (NINDB-NC9) . 

The  availability  of  liquid  scintillation  counting  techniques 
suggested  a  method  which  has  been  successfully  employed  for  the 
ultra-micro  determination  of  the  enzyme  glutamic  decarboxylase 
(NINDB-NC2)  .   This  enzjnne  catalyzes  the  formation  of  y-araino  butyric 
acid,  a  compound  found  to  exert  striking  neurophysiological  effects. 
We  have  succeeded  in  identifying  three  particular  regions  where  this 
enzyme  is  predominantly  found  in  the  central  nervous  system.   Thepe 
areas  comprise  the  reticular  formation  of  the  midbrain,  the  optic  -  ! 
sensory  area  of  the  cortex,  and  the  nucleus  proprius  of  the  dorsal 
horn  of  the  spinal  cord.   Such  a  distribution  where  a  localized 
production  of  y-amino  butyric  acid  can  occur  may  be  of  considerable 
significance  for  mediating  certain  control  mechanisms  character- 
istically exhibited  by  nuclei  such  as  are  found  in  the  reticular 
formation.   This  project  is  continuing  by  investigating  the  meta- 
bolic fate  of  Y-amino  butyric  acid  produced  by  the  decarboxylase 
reaction.   It  undergoes  transamination  to  form  succinic  semialde- 
hyde  which  is  subsequently  oxidized.   The  enzymes  catalyzing  these 
reactions  have  been  demonstrated  and  an  assessment  of  the  quantita- 
tive importance  of  this  alternate  pathway  of  cerebral  metabolism 
will  be  undertaken. 
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The  investigations  of  neurohumoral  agents  led  us  to  the 
observation  that  under  certain  conditions,  compounds  such  as 
serotonin  which  contain  an  aromatic  benzene  ring  are  not  necessarily 
formed  via  the  7-carbon  sedoheptulose-diphosphate  pathway.   Accord- 
ingly, we  wish  to  try  to  identify  alternate  enzymatic  routes  for 
aromatic  ring  formation  (NINDB-NC6) .   These  experiments  are 
pertinent  because  of  the  finding  that  compounds  such  as  benzoquinone 
capable  of  giving  rise  to  free  radicals  have  a  profound  effect  on 
the  conduction  of  nerve  impulses.   This  observation  was  made  in  the 
course  of  experiments  on  the  intra-axonal  injection  of  enzymes  and 
other  biologically  active  materials  (NINDB-rNC3)  .   These  investiga- 
tions also  revealed  that  the  application  of  compounds  having 
sufficiently  high  oxidation  potential  cause  drastic  changes  in  the 
conduction  properties  of  the  squid  giant  axon.   The  results  seem  to 
indicate  that  the  axon  membrane  is  normally  in  a  reduced  state,  a 
condition  known  to  require  energy  obtained  through  metabolic  reac- 
tions, and  that  the  appropriate  alteration  of  this  condition  permits 
the  investigator  to  predetermine  any  number  of  repetitive  responses 
to  a  single  stimulus  that  is  desired.   It  appears  that  a  delicately 
balanced  equilibrium  is  obtained  between  the  oxidizing  agent  and 
the  reduced  axon  membrane  which  can  be  destroyed  by  the  agent  or  by 
allowing  the  nerve  to  fire  repetitively  until  it  has  exhausted  its 
metabolic  energy  source.   Some  striking  recent  observations  have 
been  obtained  in  this  laboratory  with  regard  to  the  ability  of  brain 
extracts  to  reduce  exogenous  triphosphopyridine  nucleotide  in  the 
absence  of  added  substrate.   Taken  together,  these  investigations 
suggest  certain  experiments  which  should  be  undertaken  which  may 
help  to  clarify  the  mechanism  of  production  of  the  resting  potential 
of  a  nerve  fiber  and  ultimately,  the  nature  of  the  metabolic 
processes  responsible  for  the  phenomenon  of  excitability. 


ADDICTION  RESEARCH  CENTER 
Dr ,  Harris  Isbell.  Chief 


I.  ADMINISTRATIVE 

Throughout  the  year  the  administrative  unit  of  the  Addiction 
Research  Center  (ARC)  continued  to  conserve  the  time  of  the  prof- 
essional staff  by  efficient  handling  of  purchasing,  filing,  personnel 
record  keeping,  etc.   The  typing  of  manuscripts  has  constituted  an 
especially  heavy  load  during  the  current  year  and  the  editing  and 
bibliographic  checking  by  the  administrative  staff  contributed 
greatly  to  smooth  preparation  of  manuscripts  and  reports.   As 
experience  was  gained,  property  accounting,  now  delegated  to  the 
ARC  instead  of  the  hospital,  proceeded  satisfactorily. 

The  additional  subprof essional  employees  who  came  on  duty  during 
last  fiscal  year  or  in  the  first  part  of  the  current  fiscal  year 
are  now  well  trained  and  oriented  in  their  jobs.   We  were  disappoin- 
ted that  request  for  special  awards  to  the  psychiatric  aides  was  not 
granted.   We  intend  to  write  another  recommendation  for  a  special 
award  for  this  group  in  the  very  near  future. 

We  have  experienced  difficulty  in  obtaining  professional 
personnel  but  have  succeeded  in  recruiting  a  neuropharmacologist , 
Dr.  William  R.  Martin,  who  will  come  on  duty  on  1  December  1957. 
Dr.  Martin  will  initiate  a  program  of  studies  of  the  effects  of 
acute  and  chronic  intoxication  with  various  drugs  on  the  activities 
of  single  neurons.   Studies  of  this  nature  are  basic  to  complete 
understanding  of  the  addiction  process. 

Space  of  the  ARC  has  now  become  inadequate.   The  animal  house, 
which  is  a  temporary  structure,  is  very  crowded  and  can  barely  house 
all  of  the  animals  needed.   It  does  not  have  floor  drains,  is  not 
sanitary,  and  should  be  replaced  as  soon  as  possible,   The  addition 
of  a  neuropharmacologist  means  that  crowding  in  the  animal  building 
will  be  further  intensified,   It  is  hoped  that  the  hospital  will 
make  an  additional  ward  available  to  us.   This  would  permit  us  to 
convert  one  of  the  present  wards  to  additional  office  and  laboratory 
space, 

II.  ADDICTIVE  PROPERTIES  OF  NEW  ANALGESICS 

This  is  a  technological  project  which  is  carried  on  for  the 
protection  of  the  public.   As  new  analgesic  drugs  are  developed 
that  are  likely  to  come  into  clinical  use  they  are  referred  to  the 
ARC  by  the  Committee  on  Drug  Addiction  and  Narcotics  of  the  National 
Research  Council,   After  the  addictive  potentialities  of  these. new 
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drugs  have  been  determined,  by  methods  previously  described,  the 
findings  are  referred  to  the  Committee  on  Drug  Addiction  and 
Narcotics,  NRC,  who  in  turn  informs  the  Section  on  Addiction- 
Producing  Drugs,  World  Health  Organization,   These  bodies  advise 
the  United  States  Government  and  the  United  Nations  concerning 
appropriate  legal  action  regarding  control  of  these  drugs  at 
national  and  international  levels. 

It  is  now  hoped  that  in  the  future  most  drugs  can  be  tested  in 
animals.   Currently,  initial  tests  of  addictive  properties  of  new 
agents  are  carried  out  by  the  Department  of  Pharmacology,  University 
of  Michigan,  using  monkeys.   All  drugs  are  referred  to  this  unit 
prior  to  being  tested  by  the  ARC.   It  seems  very  likely,  however, 
that  at  sometime  in  the  future  some  unit  of  the  government  (Public 
Health  Service  or  Food  and  Drug  Administration)  may  have  to  take 
over  this  animal-testing  program. 

During  the  year  five  new  analgesics  were  tested.   Three  of 
these  had  sufficient  addiction  liability  to  justify  placing  them 
under  the  controls  of  the  Harrison  Narcotic  Act.   D-propoxyphene , 
though  possessing  some  addiction  liability,  was  judged  not  to  be 
sufficeintly  dangerous  to  require  control  by  the  narcotic  law. 
No  decision  has  been  made  in  the  case  of  the  fifth. 

The  demethylated  congener  of  morphine  (normorphine)  was 
especially  interesting.   This  drug,  which  is  one  of  the  metabolic 
products  of  morphine  in  the  body,  has  been  presvimed  to  be  rela- 
tively inert  on  the  basis  of  animal  tests.   Axelrod  and  his 
collaborators  at  the  NIMH  have  shown  that  ability  of  the  liver  to 
demethylate  morphine  declines  during  experimental  addiction  in 
male  rats,   Axelrod  felt  that  this  change  might  be  a  model  of 
effects  on  receptors  within  the  central  nervous  system  and  might 
lead  to  a  theory  of  tolerance.   For  this  reason,  jaormorphine  was 
reinvestigated  at  the  ARC. 

In  single  dose,  normorphine  is  less  potent  than  is  morphine 
in  inducing  behavioral  changes  in  man.   In  repeated  dose,  however, 
normorphine  has  accumulative  effects  and  is  more  potent  than 
morphine.   For  this  reason,  the  dose  cannot  be  elevated  as  rapidly 
as  the  dose  of  morphine.   Tolerance  to  the  sedative  effects  of 
normorphine  appear  to  develop  more  slowly  than  does  tolerance  to 
the  sedative  effects  of  morphine,   Normorphine  completely  suppressed 
symptoms  of  abstinence  from  morphine.   Following  withdrawal  of 
normorphine  after  direct  addiction  (or  after  substitution  for  mor- 
phine) J  abstinence  appeared  slowly  and  was  quite  mild  as  compared 
with  abstinence  from  morphine. 

Although  normorphine  has  definite  addictive  properties,  its 
addiction  liability  is  the  least  of  any  potent  drug  in  the  morphine 
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series.   If  normorphine  is  a  good  analgesic,  it  will  represent 

a  considerable  advance  toward  the  goal  of  a  nonaddicting  analgesic. 

During  the  coming  year  this  project  will  be  continued,  as 
it  must  be  J,  in  order  to  protect  the  public.   Primary  emphasis 
will  be  placed  on  demethylated  derivatives  of  morphine  and 
meperidine. 

III.   CHRONIC  BARBITURATE  AND  ALCOHOLIC  INTOXICATIONS 

A.  Substitution  of  Alcohol  for  Barbiturates.   The  project 
on  equivalence  of  chronic  alcoholic  and  barbiturate  intoxications 
was  completed  during  the  year.   Alcohol  was  substituted  for 
barbiturates  in  a  sufficient  nvimber  of  chronically  intoxicated 
dogs  to  warrant  the  following  statements:   in  sufficient  dose, 
alcohol  reduces  the  nember  of  seizures  after  withdrawal  of 
barbiturates,  but  does  not  eliminate  them  entirely.   Alcohol 
suppresses  the  barbiturate  withdrawal  delirium  completely. 
Following  withdrawal  of  alcohol  after  substitution  for  barbiturates, 
convulsions  were  observed  in  occasional  dogs  and  delirium  in  the 
majority  of  the  animals.   These  findings  indicate  that  chronic 
intoxication  with  alcohol  and  barbiturates  are  partially  but  not 
totally  equivalent. 

B.  Substitution  of  Chlorpromazine  for  Barbiturates. 
Chlorpromazine  did  not  suppress  abstinence  from  barbiturates 
in  dogs. 

C.  Meprobamate.   Special  studies  were  carried  out  on 
chronic  meprobamate  intoxication.   Patients  who  entered  the 
hospital  with  histories  of  taking  large  amounts  of  meprobamate 
were  maintained  on  their  accustomed  dose  of  meprobamate  while 
opiates  were  withdrawn.   After  allowing  a  week  for  recovery 
from  abstinence  from  opiates  meprobamate  was  abruptly  withdrawn. 
A  convulsion  occurred  in  one  of  3  patients  and  an  abnormal  EEC 
was  observed  in  another  patient. 

Five  dogs  were  chronically  intoxicated  with  meprobamate. 
The  dofee  was  increased  as  tolerance  permitted  to  5-6  grams 
daily,  divided  into  two  or  three  doses.   One  of  the  dogs  died 
during  the  period  of  chronic  intoxication.   Following  abrupt 
withdrawal  of  meprobamate  all  4  surviving  dogs  had  severe  ab- 
stinence.  All  4  had  seizures  and  bizarre  behavior,  and  3  of  the 
4  dogs  died  after  repeated  seizures  ("status  epilepticus") . 
These  findings  show  that  meprobamate  can  cause  a  type  of  addiction 
similar  to  that  caused  by  barbiturates  or  alcohol. 
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During  the  coming  year  we  hope  to  test  the  equivalence  of 
intoxication  with  paraldehyde,  chloral,  meprobamate,  doriden 
and  barbiturates , 

IVo   BIOCHEMISTRY  OF  ADDICTION 

The  biochemical  unit  shifted  from  clinical  biochemistry 
into  the  field  of  drug  metabolism  during  the  year.   Methodolo- 
gical problems  in  this  area  are  particularly  difficult  because 
of  the  relatively  low  doses  of  analgesic  drugs  given  human 
subjects,  and  because  of  the  high  incidence  of  interference  by 
the  various  foodstuff  and  other  drugs  often  ingested  by  the 
subjects.   A  great  deal  of  progress  was  made  in  developing 
paper  chromatographic  methods  for  isolation  of  drugs  from 
body  fluids.   Methods  for  quantitative  determination  of  morphine 
and  normorphine  were  developed.   The  normorphine  method  has 
been  particularly  troublesome  since  the  solubility  of  normorphine 
in  organic  solvents  is  less  than  the  solubility  of  morphine. 
Quinine  appeared  to  have  no  effect  on  the  conjugation  of  morphine, 
Less  normorphine  is  conjugated  than  is  the  case  with  morphine. 
This  last  finding  may  explain  the  difference  in  the  length  of 
action  and  addictiveness  of  morphine  and  normorphine. 

Addiction  to  and  withdrawal  from  analgesics  and  barbiturates 
had  no  significant  effect  on  the  excretion  of  S-hydroxyindol- 
eacetic  acid. 

During  the  coming  year  we  hope  to  complete  a  project  on 
comparison  of  the  metabolism  of  morphine  and  normorphine,  and 
to  determine  the  changes  in  excretion  of  epinephrine  and 
norepinephrine  during  cycles  of  addiction,.   We  also  hope  that 
another  chemist  can  be  obtained  to  initiate  a  study  on  the 
effects  of  addiction  on  enzymological  processes  at  the  cellular 
level o 

V.   NEUROPHYSIOLOGY  AND  NEUROPHARMACOLOGY  OF  ADDICTION 

Studies  on  changes  in  electroconvulsive  thresholds  during 
addiction  to  and  withdrawal  from  barbiturates  in  cats  were 
hampered  by  a  niimber  of  technical  difficulties.   Although 
seizure  thresholds  are  elevated  and  variable  during  addiction 
to  barbiturates,  elevations  were  also  noted  in  control  cats  that 
were  receiving  no  barbiutrates „   Apparently,  repeated  electro- 
stimulation causes  some  change  (perhaps  anatomical)  leading  to 
elevation  in  the  seizure  thresholds   No  consistent  change  was 
seen  in  seizure  threshold  after  withdrawal  of  barbiturates. 
Cats  addicted  to  barbiturates  had  fewer  spontaneous  seizures  if 
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stimulated  on  a  regular  schedule  after  withdrawal  of  the  bar- 
biturates. 

Following  withdrawal  of  barbiturates  after  chronic  adminis- 
tration, one  spinal  dog  had  grand  mal  seizures  above  the  level 
of  the  transection  but  no  seizures  below.   This  finding  indicates 
that  the  barbiturate  abstinence  syndrome  is  mediated  at  levels 
above  the  spinal  cord. 

During  the  coming  year  we  hope  to  continue  the  project  on 
seizure  thresholds  during  addiction  to  barbiturates,  using 
electroencephalographic  changes  instead  of  clinical  seizures 
as  the  end  point.   We  also  hope  to  begin  experiments  with 
animals  with  chronically  implanted  electrodes,  in  the  hope  of 
obtaining  information  on  changes  at  various  levels  of  the  nervous 
system  during  morphine  and  barbiturate  addictions.   It  may  be 
possible  to  begin  studies  on  the  relationship  of  systems  sub- 
serving synthesis  and  destruction  of  acetylcholine  in  relation 
to  addiction  to  barbiturates.   It  is  also  hoped  that  studies  on 
the  effects  of  acute  and  chronic  intoxication  with  various  drugs 
on  the  activities  of  single  neurons  can  be  initiated  by  Dr.  Martin, 

VI,   PSYCHOLOGY  OF  ADDICTION 

Physician  addicts  show  less  elevation  on  the  Pd  (psycho- 
pathic deviate)  scale  of  the  MMP  1  than  do  either  nonphysician 
White  or  Negro  addicts.   Physician  addicts  are  higher  than  normal 
on  the  neurotic  scales.   Unfortunately  MMPP  1  profiles  on  non- 
addict  physicians  are  not  available  and  must  be  obtained  before 
this  study  can  be  interpreted  properly.   We  hope  to  obtain  control 
profiles  on  a  sample  of  Army  physicians. 

A  great  deal  of  progress  was  made  in  the  construction  of 
psychological  tests  for  differentiating  between  the  subjective 
effects  of  various  classes  of  drugs.   Questions  which  differentiate 
between  the  effects  of  a  marihuana-like  drug,  LSD,  morphine, 
pentobrbital,  and  amphetamine  have  been  assembled.   A  general 
inventory  is  to  be  constructed  from  these  items  and  tested  more 
throughly  during  the  coming  year  on  a  number  of  classes  of  drugs. 
It  is  hoped  that  these  inventories  will  provide  quantitative  in- 
dices of  the  effects  of  the  drugs  which  addicts  regard  as  pleasant 
("euphoria")  so  that  a  more  exact  statement  on  relative  addictive- 
ness  of  different  agents  can  be  made. 

Studies  on  the  effects  of  drugs  on  conditioned  inhibition  of 
a  feeding  response  in  rats  (pain-anxiety)  were  continued.   It  was 
found  that  different  types  of  drugs  produce  specific  patterns  of 
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unconditioned  bar-pressing,  time-action  rates,  and  conditioned 
inhibition  of  feeding  responses.   It  was  also  found  that  very 
exp.ct  control  of  the  strength  of  the  auditory  stimulus  used  is 
essential  to  this  particular  method.   The  studies  indicate 
that  morphine  abolishes  anxiety  in  anticipation  of  a  painful 
stimulus . 

A  number  of  studies  on  the  effects  of  drugs  on  "mental 
set"  were  completed.   In  this  work  visual-hand  reaction  time 
is  determined  under  two  conditions:  (1)  when  various  fore- 
periods  (warning  periods)  are  administered  in  a  regular  order, 
and  (2)  when  foreperiods  are  administered  in  an  irregular 
fashion.   It  is  known  that  in  "normal"  subjects  curves  obtained 
with  the  regular  and  irregular  procedures  are  well  separated. 
In  schizophrenic  subjects,  the  curves  cross,  indicating  a  dis- 
turbance in  ability  to  profit  from  the  regular izat ion  of  the 
foreperiods.   This  test  was  administered  in  random  balanced 
order  to  10  former  addicts  who  received  morphine,  pentobarbital, 
LSD,  placebo,  and  amphetamine.   Amphetamine  and  placebo, had 
little  effect  on  reaction  time  or  on  mental  set;  morphine  and 
pentobarbital  slowed  reaction  time  but  did  not  impair  mental 
set;  LSD  slowed  reaction  time,  but  did  not  cause  any  statisti- 
cally significant  impairment  of  mental  set  (crossing  of  regular 
and  irregular  curves)  in  spite  of  the  presence  of  marked  per- 
ceptual distortion,  hallucination,  and  depersonalization.   These 
findings  indicate  that  LSD  is  possible  only  indirectly  related  to 
the  natural  psychosis,  schizophrenia. 

During  the  coming  year  we  hope  to  complete  the  study  on 
physician  addicts,  to  develop  the  inventory  for  measuring 
subjective  effects  of  drugs  further,  to  investigate  the 
significance  of  drug-produced  internal  changes  in  controlling 
animal  behavior,  and  to  begin  studies  of  the  effects  of  drugs 
and  addictions  on  discrimination. 


LABORATORY  OF  NEUROPHYSIOLOGY  ^~' 

Wade  H.  Marshall,  Chief 

The  productivity  of  the  Laboratory  of  Neurophysiology 
continues  at  a  high  level  and  xs  in  the  van  of  some  crucial 
arguments,    One  of  the  most  important  current  questions  is 
the  participation  of  soma  and  dendritic  membrane  in  activa- 
tion of  the  efferent  axons.   Nearly  20  years  ago  it  was 
recognized  that  sufficient  depolarization  of  the  dendrites, 
or  other  components,  of  a  neuron  could  cause  the  cell  body 
to  discharge  without  actual  complete  depolarization  of 
said  component  structures.   It  was  further  recognized  that 
sustained  depolarization  of  these  structures  might  result 
in  repetitive  firing  of  the  cell  body  and  axon.   However, 
physiology  of  the  neural  network  has  been  slow  to  sufficiently 
divorce  itself  from  axonology   This  is  to  say  that  the 
compulsion  to  fit  CNS  ganglion  physiology  into  "the  existing 
framework  of  knowledge"  (which  was  largely  axonology)  has 
acted  as  a  conservative  brake  on  advancement ,   During  the 
past  several  years  great  progress  has  been  made  toward 
liberating  thinking  from  the  simple  axonology  concepts 
This  has  been  particularly  true  of  the  dendritic  components 
of  the  neuron   During  the  past  2  or  3  years  it  has  been 
quite  vociferously  argued  that  the  dendritic  membrane  is 
entirely  passive.   It  has  further  been  argued  that  all 
synaptically  covered  parts  of  the  neuron  membrane  are 
passive  and  electrically  inexcitable  (that  is  they  are 
somehow  not  capable  of  complete  all-or-none  regeneratively 
propagated  discharges)  and  that  the  polarization  modula- 
tion of  these  parts  of  the  neuron  is  entirely  accomplished 
by  neurochemical  means.   Whether  or  not  the  latter  point 
is  correct  is  not  completely  proven.   But  the  best  evidence 
so  far  obtained  for  the  passive  nature  of  the  soma-dendritic 
membrane  has  been  developed  during  this  year  by  Dr ,  W.  H- 
Freygang  working  on  the  lateral  geniculate  nucleus  of  the 
cat   Using  very  small  pipette  electrodes,  excellent 
electrical  technics,  and  superb  mathematicai  analysis, 
he  has  developed  strong  evidence  that  only  a  very  small 
area  of  the  neuron  soma  is  electrically  excitable.   All 
other  parts  of  the  neuron  react  passively,  acting  as  sinks 
of  current  which  causes  activation  of  the  low  threshold 
axon  hillock  region.   This  experiment  depends  on  placing 
the  microelectrode  very  close  to  the  active  membrane  so 
that  it  measures  the  IR  drop  due  to  the  total  membrane  current 
at  that  locus .   The  only  decernible  reservation  about  this 
experiment  devolves  on  the  inevitable  Heisenberg  uncertainty 
principle.   Has  the  electrode,  because  it  is  so  near  the  membrane, 
rendered  that  locus  inexcitable?   There  are  many  reasons  to 
d-.scard  this  objection.   This  experiment  is  the  best  and  probably 
the  only  valid  evidence  for  the  electrical  inexcitabij^ity  of  the 
soma-dendritic  membrane  in  the  mammalian  CNS.   So  far  as  it  is 
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possible  to  accurately  judge  current  events  this  paper  constitutes 
a  revolution  and  a  major  breakthrough. 

Tests  of  this  theory  on  the  motor  neuron  (anterior  horn 
cell)  done  in  collaboration  with  Dr ,  Karl  Frank  have  more  clearly 
substantiated  it   Very  recently  a  concentric  pair  of  electrodes 
have  been  used  to  record  simultaneously  from  inside  and  just 
outside  the  anterior  horn  cell   This  has  likewise  confirmed 
Dr.  Freygang  s  observations  on  the  lateral  geniculate. 

Drs.  Tasaki  and  Spyropoulos,  in  the  Section  on  Special 
Senses,  have  made  an  important  advance  in  axonology   They  have 
found  that  when  the  squid  nerve  is  clamped,  i  e   an  attempt  is 
jaade  to  fix  an  imposed  potential  difference  across  the  membrane; 
that  the  membrane  does  not  respond  uniformly  but  that  erratic 
patches  contribute  the  current  and  that  these  patches  have  the 
characteristics  of  local  all-or-none  reactions.   This  fact  indi- 
cates that  the  normal  membrane  as  a  whole  is  not  clamped  but 
that  only  the  electrodes  are  clamped   This  demands  re-evalua- 
tion of  the  basic  Na-K  exchange  theory  because  obviously  the 
current  measured  and  the  apparent  resistance  change  are  not 
properties  of  the  total  membrane  undergoing  a  smooth  continuous 
function,  but  are  instead  the  more  or  less  chance  resultant  of 
reactions  in  random  patches  on  the  membrane.   This  change  in 
current  flov/  andpatlernof  same  as  a  function  of  the  imposed 
voltage  is  now  regarded  primarily  as  an  increase  in  total  area 
of  active  patches   Again  the  inevitable  Heisenberg  uncertainty 
principle  must  be  considered   Has  the  placement  of  electrodes 
inside  the  squid  nerve  and  other  items  such  as  dissection  of  the 
iierve,  produced  significant  local  changes  in  patches  of  membrane? 
However,  Dr   Tasaki  has  acquired  considerable  collaborative 
evidence  in  recent  years  from  the  single  node  of  toad  A  fibers 
and  his  two  stable  state  experiments    All  these  items  suggest 
Ihat  ihe  normal  axon  membrane  does  not  exhibit  partial  states 
in  its  reactions  except  transiently    In  the  case  of  the  squid 
nerve  under  voltage  clamp  the  membrane  resistance  changes  only 
under  the  active  patches  and  this  current  has  heretofore  been 
considered  to  be  uniformly  conducted  by  the  entire  membrane    If 
the  sodium  current  is  not  a  uniform  function  of  membrane  voltage, 
for  instance,  the  Hodgkin-Huxley  theory  must  be  modified 

Drs.  Spyropoulos  and  Tasaki  are  investigating  active 
chemical  processes  to  account  for  the  action  potential    They 
have  used  the  methods  of  intracellular  injection  into  the  squid 
nerve  and  also  the  single  node  preparation.   In  their  hands 
these  methods  are  exquisitely  sensitive  tools  for  sttidy  of 
many  biochemical  problems.   Their  thesis  is  that  the  action 
potential  as  well  as  the  recovery  process  probably  involves 
biochemical  events  and  that  the  ion  exchange  is  not  merely  a 
passive  result  of  a  regeneratively  propagated  action  current 
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They  have  made  very  substantial  progress  in  this  direction  and 
we  can  look  forward  to  decisive  and  comprehensive  conclusions 
during  the  coming  year . 

Drs.  Tasaki  and  Spyropoulos  have  also  determined  that  the 
Bekesy  potential  is  generated  in  the  stria  vascularis  and  not 
by  the  brain  cells  of  the  ear.   This  confirms  or  perhaps^  is 
concurrent  with  similar  studies  done  at  Institute  for  the  Deaf 
at  St.  Louis^  Mo.   The  source  is  not  in  the  hair  cells 

Recently  Drs.  Tasaki  and  Chang  have  gone  to  Dr.  Pomerat's 
famous  tissue  culture  laboratory  at  Galveston.   They  are  making 
an  intensive  investigation  of  electrical  reactions  in  cultured 
CNS  cells. 

The  program  of  the  laboratory  has  been  considerably 
broadened  and  strengthened  by  the  recruitment  of  Dr ,  Paul  MacLean 
(Section  on  Limbic  Integration  and  Behavior) „   His  broad 
general  knowledge  in  several  fields  and  his  work  on  the  limbic 
system  well  fills  a  gap  in  the  program.   Dr.  MacLean  is  setting 
up  his  laboratory  and  has  already  underway  a  valuable  project 
concerned  with  use  of  genetically  and  chemically  induced  sub- 
cortical lesions  in  rats. 

The  Section  on  Cortical  Integration  has  continued  work  on 
the  remarkably  successful  chronic  monkey  technic.   Stop  stimulus 
and  start  stimulus  regions  have  been  partially  mapped  and  work  on 
this  aspect  is  continuing.   Regions  concerned  with  pleasurable 
and  compulsive  activity  are  being  clarified  as  well  as  regions 
concerned  with  negative  emotions  and  pain,  anxiety^,  and  fright. 
The  importance  of  such  work  for  problems  of  mental  health  needs 
no  elaboration. 

A  new  technic  for  implanting  of  electrodes  has  been 
developed  and  successfully  used  on  the  monkey  and  the  porpoise. 
The  latter  animal  (2  preparations)  has  shown  learning  processes 
faster  than  the  monkey  by  an  order  of  magnitude.   Considering 
the  fact  that  the  porpoise  possesses  one  of  the  most  elaborately 
developed  of  the  mammalian  brains,  this  fact  constitutes  a  very 
interesting  observation. 

Work  is  continuing  on  a  practical  method  of  portraying 
and  analyzing  activity  from  256  electrodes.   The  section  enjoyed 
the  opportunity  of  collaborating  with  Dr ,  H.  Magoun  for  a  few 
months . 

It  is  gratifying  to  note  that  Dr.  Lilly  is  one  who  is 
actively  engaged  in  chronic  electrode  work  in  primates  and  that 
he  is  deeply  conscious  of  medical  and  social  responsibility 
involved.   He  is  not  encouraging  brash  clinical  work  and  is 
attempting  to  do  constructive  work  to  encourage  only  conservative, 
well  considered  activity  in  that  direction. 
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The  Section  on  the  Spinal  Cord  has  continued  with  elegant 
work.   It  is  to  be  remembered  that  this  laboratory  by  virtue  of 
its  technical  excellence  was  the  first  to  demonstrate  that  an 
accurate  intracellular  record  of  antidromic  activation  showed 
two  components.   Dr.  Frank's  consultation  and  collaboration 
with  Dr.  Freygang  has  been  particularly  valuable  and  gratifying. 
This  has  led  to  important  comparisons  of  records  taken  from 
within  the  cell  and  just  external  to  it  by  means  of  a  double 
concentric  electrode  system. 

They  have  discovered  a  "remote"  inhibition  process  which 
operates  without  any  detectable  change  in  the  polarization  of 
the  cell  membrane  as  measured  by  intracellular  electrodes.   This 
laboratory  is  "tooling  up"  for  transmission  of  neurochemical 
agents  through  their  pipettes. 

Work  has  been  continued  on  spreading  cortical  depression. 
It  has  been  determined  that  neuronal  reactivity  of  the  superficial 
layer  of  the  cortex  is  not  necessary  for  this  phenomenon.   This 
is  a  curious  result  because  while  spreading  depression  is  a 
dendritic  like  reaction  in  the  sense  that  it  is  completely  graded, 
a  fully  developed  reaction  probably  represents  the  most  complete 
depolarization  the  dendrite  ever  undergoes. 

A  new  technic  for  study  of  the  superficial  cortical 
electrical  reactions  has  been  developed  which  permits  much 
more  accurate  experiments,  and  which  also  permits  accurate 
observations  in  drug  experiments  in  face  of  extreme  changes 
in  blood  pressure  and  which  also  eliminates  other  artifacts 
such  as  spreading  cortical  depression. 
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LABORATORY  OF  CLINICAL  SCIENCE 
Seymour  S„  Ketyj  Chief 


The  Section  on  Pharmacology  under  Julius  Axelrod 
has  continued  its  studies  on  the  fatOj  metabolism,  and 
mechanism  of  action  of  drugs  which  act  on  the  nervous  system 
with  several  notable  achievements  in  the  past  year.   In 
collaboration  with  Schmid  and  Tomkins  of  NIAMDj  he  has  found 
enzymatic  mechanisms  in  the  synthesis  of  N-glucuronides  and 
in  the  formation  of  bilirubin  glucuronide,  leading  to  the 
elucidation  of  a  biochemical  lesion  in  congenital  non- 
obstructive 5  non-hemolytic  jaundice.   He  has  added 
significantly  to  knowledge  concerning  the  metabolism  of 
epinephrine  by  elucidating  the  enzymatic  process  involved 
in  the  o-methylation  of  catechols,  characterizing  its 
requirements  and  demonstrating  it  in  a  number  of  organs 
including  the  brain 0   He  has  shown  that  this  process  plays 
a  key  role  in  the  metabolism  of  epinephrine  and  norepinephrine 
in  vivo.   In  collaboration  with  Agranoff  of  NINDB^  a  method 
for  the  estimation  of  meprobamate  in  body  fluids  was 
developed  and  applied  to  a  study  of  the  disposition  in  man 
of  this  widely  used  ataractic  agent , 

The  Section  on  Biochemistry  under  Marian  Kies,  in 
collaboration  with  Alvord  of  Baylor  and  Roboz  of  Georgetown 
medical  schools,  has  for  several  years  been  concerned  with 
a  better  characterization  of  the  materials  in  brain  tissue 
responsible  for  experimental  allergic  encephalomyelitis. 
In  the  past  year  they  have  further  purified  their  active 
preparation,  obtaining  a  protein  fraction  with  a  ten-fold 
increase  in  activity.   A  collagen-like  material  was  also 
isolated  from  brain,  characterized  and  found  to  have  moderate 
activity. 

The  Section  on  Cerebral  Metabolism  under  Louis 
Sokoloff  has,  as  part  of  a  cooperative  study  on  aging,  made 
a  substantial  contribution  to  the  physiology  of  aging  in 
their  finding  in  over  50  normal  elderly  men  that  a  decrease 
in  cerebral  blood  flow  is  not  a  concomitant  of  the  aging 
process.   The  decrease  which  has  often  been  found  by  previous 
investigators  appears  to  be  limited  to  those  with  evidence 
of  gross  mental  changes.   These  findings  are  about  to  be 
extended  in  studies  at  St .  Elizabeths  Hospital  by  Lassen  and 
Lane  with  a  modification  of  the  technique  which  employs 
radioactive  krypton  as  the  tracer  gas.   The  section  has 
continued  its  development  of  techniques  for  measurement  of 
blood  flow  continuously  and  locally  and  their  application  to 
physiological  and  clinical  problems.   The  studies  by  Sokoloff s 
in  collaboration  with  Kaufman  of  the  Laboratory  of  Cellular 
Pharmacology,  on  the  mechanism  of  action  of  thyroxine  continue 
to  produce  promising  and  significant  results^  indicating  an 
important  effect  of  thyroxine  on  protein  synthesis. 
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Public  Health  Service 
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National  Institute  of  Mental  Health 
Laboratory  of  Socio-environmental  Studies 

STATEMENT  OF  FROCmAM  OBJECTIVES  AND  . 

SUMMARY  OF  OPERATIONS  DURING  1957 

The  research  goal  of  the  Laboratory  is  the  investigation  of 
the  ways  in  which  social  processes  bear  upon  the  production^ and 
co'urse  of  psychic  disturbances.  Included  with  this  goal  is  a  wide 
range  of  research  areas:  the  nature  and  distribution  of  mental 
illness  and  behavioral  pathologies,  social  and  cultural  variations 
in  defining  and  treating  behavioral  disturbances,  social  and 
cultural  patterns  influencing  personality  development,  interpersonal 
processes  within  the  family,  and  social  processes  in  the  treatment 
setting  of  the  mental  hospital.  This  range  of  interests  is  repre- 
sented in  the  current  projects  of  the  Laboratory, 

With  the  growings,  recognition  of  the  importance  of  social 
^'sp,ects  of  illness  and  with  the  realization  that  relationships  between 
spclal  and  medical  or  biological  factors  are  more  complicated  than 
has  been  assumed,  there  has  been  an  intensification  of  research 
interi^sts  and  efforts  in  conceptual  and  methodological  issues  and 
in  xjollaboration  across  disciplinary  lines, 

.  ,  During  1957,  the  organization  of.  the  Laboratory  has  been 

confileted  with  the  staffing  of  the  Section  on  Social  Studies  in 
Therapeutic  Settings, 

Social  Developmental  and  Family  Studies 

Research  in  this  Section^  under  the  direction  of  Dr.  Marian 
Radke  Yarrow,  is  devoted  to  systematic  study  of  socialization 
influences  at  various  stages  of  individual  development.  The  greatest 
emphasis  is  \apon  the  period  of  childhoodj  but  critical  developmental 
periods  or  shifts  in  social  roles  in  adult  life^  such  as  in  old  age, 
are  also  considered. 

The  assiuiptions  that  personality  is  significantly  shaped  by 
the  social  Interactions  in  which  the  individual  participation  from 
infancy  on  through  life ,  and  that  adult  outcome  bears  a  significant 
relation  to  early  experiences  are  readily  accepted,  though  research 
knowledge  has  not  succeeded  in  defining  precisely  these  relationships 
or  in  explaining  the  processes  by  which  antecedent  conditions  affect 
subsequent  behavior.  Advances  toward  this  knowledge  rest  partly  on 
refinements  in  methodology  as  well  as  on  systematic  investigation  of~ 
research  hypotheses. 
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Some  of  the  efforts  of  the  Section  are  directed  toward  method- 
ological problems.   Several  scientists  have  begun  vork  on  techniques 
for  obtaining  more  detailed  and,  hopefully,  more  valid  data  on  the 
child's  social  learning  environments.  One  such  approach  is  the 
development  of  techniques  for  the  study  of  the  family  in  its  natural 
setting,  making  use  of  direct  observational  data.  That  this  is  a 
very  difficult  problem  is  reflected  in  the  scant  research  which  has 
been  done  thus  far  in  the  field.  A  second  project  concerns  the 
investigation  of  processes  of  recollection  and  reporting  of  earlier 
childhood  and  familj^  conditions.  Much  of  current  research  concerning 
relationships  between  early  experience  and  later  development  rests  on 
retrospective  data;  an  understanding  of  memory  changes  is  lacking. 
This  factor  is  believed  to  be  of  particular  significance  in  investigat- 
ing retrospectively  such  problems  as  family  relationships  in  the 
childliood  of  schizophrenics;  where  the  recall  of  past  events  may  be 
markedly  modified  by  the  subsequent  developments. 

In  the  investigation  of  family  and  societal  influences  upon 
the  child,  seldom  has  research  given  consideration  to  the  level  of 
the  child's  perceptual  and  cognitive  understanding  of  the  experiences 
to  which  he  is  exposed.   That  is,  what  are  the  developmental  stages 
in  children's  sensitivities  to  and  discriminations  in  interpersonal 
relationships?  A  project  has  been  carried  out  which  is  concerned  with 
the  child's  sensitivities  to  the  personality,  characteristics  and 
motives  of  the  persons  with  whom  he  interacts,  and  his  modes  of  causal 
thinl^ing  about  interpersonal  relationships.  Much  of  the  analysis  of 
these  data  has  been  completed  dujring  the  past  year  and  reporting  of 
findings  has  begun. 

Attention  to  the  interplay  of  social  and  bioJ.ogical  factors 
in  development  has  been  part  of  the  focus  of  two  of  the  projects  of 
this  Section^  one,  a  study  of  family  and  comraunity  influences  in  the 
development  of  identical  quadruplets,  and  the  second,  a  study  of  social 
characteristics  and  problem.s  of  old  age.   Both  projects  were  undertaken 
collaboi-atively  with  other  disciplines.   In  both,  data  collection  has 
been  completed.   The  interrelationships  between  social  and  physiological 
conditions  is  demonstrated  in  the  study  of  human  aging,  in  a  relation- 
ship occurring  between  various  behavioral  indices  in  the  aged  and  the 
subjects'  combined  status  on  measures  of  O2  consumption  and  environ- 
mental impoverishments . 

The  work  of  the  next  year  will  be  devoted  to  the  completion  of 
the  just  preceding  projects  and  to  the  expansion  of  the  methodological 
studies  described  above. 

Community  and  Population  Studies 

This  section,  directed  by  Dr.  Melvin  Kohn,  studies  the  relation- 
ship between  broader  aspects  of  the  social  order  and  mental  health  or 
illness.  Tlie  long  range  progra.m  lnclLu3.es:   (l)  research  on  social 
factors  in  the  etiology  of  mental  illness  and  behavior  pathologies; 
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(2)  studies  of  the  processes  by  which  mental  illness  is  recognized 
or  defined  and  the  channels  through  which  it  is  brought  to  treatment 
(whether  by  formal  therapeutic  agents  or  other  means);  and  (3)  studies 
of  community  organization,  social  structure  and  cultural  dynamics 
basic  to  these  aims. 

Much  of  what  we  should  like  to  accomplish  in  the  first  two 
areas  is  unattainable  at  present  for  lack  of  basic  knowledge.  For 
example,  in  the  research  done  by  Kohn  and  Clausen  on  social  factors 
in  the  development  of  schizophrenia,  it  became  apparent  that  further 
progress  awaited  a  fuller  understanding  of  the  relationship  between 
social  class  and  family  struct-ure  in  the  normal  population.  Therefore, 
for  the  immediate  future,  much  of  the  section's  work  will  have  to  be 
focused  on  problems  of  basic  importance  to  social  psychology.  Before 
we  can  discover  too  much  about  social  factors  in  the  etiology  of 
schizophrenia  we  shall  have  to  study,  for  example j,  social  variation 
in  child-rearing  practices  and  personality  development,  Basic  to 
our  understanding  of  the  processes  by  which  mental  illness  is  defined 
and  dealt  with  is  research  on  the  processes  by  which  deviation  from 
sub-cultural  norms  is  handled.  For  the  present,  the  third  aspect  of 
the  long-range  program  is  the  most  important. 

Following  a  study  that  showed  a  relationship  between  socio- 
economic status,  parental  authority  behavior,  and  schizophrenia, 
efforts  have  been  directed  toward  seciiring  a  more  adequate  knowledge 
of  the  structuring  of  family  relationships  in  middle  and  working  class 
families.  The  fieldwork  on  this  study  is  now  complete,  as  is  the 
first  portion  of  data  analysis,  a  con^arison  of  the  values  of  parents 
in  the  two  social  classes.  It  was  found  that  middle  class  parents 
are  more  likely  to  attach  primar;^'-  value  to  self-control,  consideration, 
curiosity,  and  happiness;  working  class  parents  to  obedience,  neatness 
and  cleanliness.  It  was  also  found  that  the  parent's  values  are  very 
directly  related  to  the  ways  that  they  raise  their  children. 

In  line  with  the  Section's  interest  in  the  processes  by  which 
mental  illness  is  recognized  or  defined  and  the  channels  through  which 
it  is  brought  to  treatment,  Dr,  Stephen  Boggs  has  been  developing  a 
study  of  cultural  differences  in  the  ways  that  community  resources 
(formal  and  informal)  are  utilized  by  people  with  problems.  He  has 
conducted  preliminary  fieldwork  and  is  now  in  process  of  developing 
a  systematic  research  design  for  the  investigation, 

A  third  study  has  been  undertaken  to  ascertain  the  relationship 
between  social  background  and  drug  therapy  for  prognosis  among 
functionally  psychotic  patients,  Dr,  Erwin  Linn  has  been  abstracting 
the  relevant  data  from  Saint  Elizabeths  Hospital  records  to  be  able  to 
determine  whether  or  not  prognosis  is  improved  with  drug  therapy,  and 
to  what  extent  patients  of  varying  social  backgrounds  react  differ- 
entially to  drugs. 
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There  follow  summary  statements  of  the  objectives  of  each 
of  the  projects  to  which  appreciable  amounts  of  staff  time  were 
allotted  during  1957. 

Office  ox  the  Chief 

Jrro.iect  Mo.  M-3-C-1 

Title:  Analysis  of  Theoretical  and  Methodological  Issues  in  the 
Sociology  of  Mental  Health  and  Illness 

Project  Staff:  John  A.  Clausen 

To  exa;:iine  current  research  within  the  Laboratory  and  within 
the  larger  fie-. Id,  searching  for  theoretical  convergences  and  for 
problematic  issues  in  empirical  findings,  especially  bearing  upon 
the  relationship  between  social  structure  and  personality  develop- 
ment. 

Iro.iect  Mo.  I'i-S-C-2 

Title:  The  Impact  of  Mentax  Illness  upon  the  Family 

Project  Staff:  John  A.  Clausen,  Leila  C.  Deasy,  Harriet  S.  Murphy, 
Eleanor  E.  Carroll 

To  study  the  effects  upon  the  family  of  the  father's  or 
mother's  mental  illness,  by  focusing  on  a  limited  number  of  hypotheses 
and  questions  raised  by  an  earlier  study  within  the  following  areas: 
(l)  the  effects  of  mental  illness  upon  the  personal  relationships  with- 
in the  family  and  the  family  organization,  (2)  the  family's  understand- 
ing and  perspectives  of  the  illness,  and  (3)  the  social  implications  of 
the  illness.  Families  under  study  are  to  include  both  parental  and 
conjugal  families  of  schizophrenic  patients. 

rro.iect  No.  M-3-C-3 

Title:  The  Adaptation  of  the  Mental  Patient  to  his  Family  Upon 
Return  from  Hospitalization 

Project  Staff;  John  A.  Clausen,  Leila  C.  Deasy,  Harriet  S.  Murphy 

To  study  the  rehabilitation  process  following  the  patient's 
discharge  from  a  mental  hospital,  in  terms  of  two  interdependent  sets 
of  dimensions:   (a)  the  patient's  progress  toward  mental  health,  and 
(b)  the  changing  structure  and  functioning  of  the  family  of  the  patient. 


Social  Developmental  and  Family  Studies 

Prelect  No.  M-S-D-1 

Title:  The  Formation  of  Children's  Peer  Relationships 

Project  Staff:  Marian  R.  Yarrow,  John  D.  Campbell 

To  investigate  the  process  by  which  children  form  impressions 
of  each  other  and  develop  patterns  of  interactions  in  social  situ- 
ations, '^o  ^ '/udy  the  effects  of  developmental,  personality  and  social 
factors  or  i,his  process. 

Project  No.  M-3-D-2 

Title:  Adult  Leadership  in  Children's  Groups:  A  -^tudy  of  Leader's 
Sensitivity  and  Functioning  in  Relation  to  the  Social- 
Cultural  Composition  of  the  Group 

Project  Staff:  Marian  R.  Yarrow,  John  D.  Campbell 

To  study  the  adult,  leader's  role  in  children's,  groups,  assessing: 
(a)  congruencies  and  di3cre;jancies  in  leader's  .nd  children's  per- 
ceptions '-'I  interpersonal  processes  in  the  -roup,  (b)  bases  and  con- 
sequences of  discrepancies  between  leader '.-  and  children's  perceptions, 
and  (c)  leader ';■  Lehavior  and  sensitivities  regarding  the  individual 
child  and  the  group  in  relation  to  the  social  class  and  racial  com- 
position of  the  group. 

Pro.lect  No.  M-S-D-3 

Title:  The  Validity  of  Retrospective  Data  on  Parent-Child  Relationships 

Project  Staff:  Marian  R.  Yarrow,  John  D.  Campbell 

To  study  the  extent  to  which  valid  information  about  early 
aspects  of  a  child's  development  and  parent-child  relationships  can 
be  obtained  from  parents'  retrospective  reports.   Specifically:   (l) . 
To  assess  the  nature  of  differences  between  earlier  events  and  parents • 
recollection  of  such  events.   (2)  To  determine  how  retrospection  is 
influenced  by  such  factors  as  the  time  inteival  between  events  and  recall, 
intervening  events,  and  the  current  social-psychological  situation. 

Project  No.  M-S-D-A 

Title:   life-styles  in  Aging 

Project  Staff:  Marian  R.  Yarrow,  Olive  U.  Quinn,  E.  Grant  Youmans 

This  project  is  part  of  a  larger  research  on  the  functioning  of 
physically  healthy  aged  persons,  which  brings  the  perspectives  and 
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measurement  of  physiology,  psychiatry,  psychology  and  sociology, 
both  singly  and  in  combination,  to  the  examination  of  the  problems 
and  factors  in  aging.  The  primary  objective  of  this  part  of  the 
total  research  is  to  examine  relationships  between  the  demands  and 
supports  of  the  aged  person's  social  environment  and  his  functioning 
— as  it  is  defined  in  terms  of  the  organization  of  his  daily  behavior, 
his  planning  for  the  future,  his  attitudes  toward  himself  and  his 
relationships  with  others.  Environment  is  assessed  in  terms  of  (l)  the 
social  expectations  and  stereotypes  imposed  upon  old  age,  and  (2)  the 
impact  of  common  changes  or  crises  of  old  age,  such  as  retirement  from 
employment,  family  losses,  and  social  isolations. 

A  second  research  objective  is  the  investigation  of  inter- 
relationships between  the  social  psychological  variables  described 
above  and  physiological,  psychiatric,  perceptual  and  cognitive  data. 

Project  No.  H-S-D-S 

Title:  The  Identification  of  Self  in  Identical  Quadruplets:  A 

Special  Case  of  the  Problems  of  oibling  Rivalry  and  of  Multiple 
Status 

irroject  Staff;   Olive  U.  Quinn 

To  analyze  (l)  interactional  patterns,  and  (2)  incompatible 
statuses  in  a  group  of  mentally  ill  identical  quadruplets,  in  an  effort 
to  understand  the  inaividual's  struggle  to  establish  a  definition  of 
self  in  relation  to  the  group.   This  problem  is  seen  within  the  frame- 
work of  stresses  arising  from  or  exaggerated  by  the  fact  of  multiple 
birth. 

Project  No.  M -:':'. -D-6 

Title:  The  "X"  Family  as  Seen  by  the  Coffl:;iunity 

Project  Staff:   Olive  W.  Quinn,  Leila  C.  Deasy 

This  is  one  part  of  a  larger  study  of  the  "X"  family  from  the 
points  of  view  of  various  disciplines,  with  the  intent  of  deriving  or 
exaiviplifying  hypotheses  regarding  nature -nurture  contributions  to  the 
development  of  schizophrenia.  In  this  regard,  the  influences  of  the 
family  on  the  comn)unity  and  of  the  community  on  the  family  comprise  an 
area  of  information  essential  to  a  full  unaerstanding  of  how  mental 
illness  in  the  "X"  quadruplets  developed. 

Project  No.  K-S-D-7 

Title:  Exploratory  Stuay  of  Methodology  for  Assessing  Interpersonal 
F-telationships  within  the  Faraily 

Project  Staff:  Mar-ian  R.  larr-ow,  Thomas  L.  Gillette 


To  develop  techniques  of  investigating  interpersonal  re- 
lationships within  the  family,   in  the  natural  family  setting. 

Com.nunity  and  j-opulation  Studies 

Iro.iect  Mo.  M-J-P-1 

Title:  A  Comparison  of  the  Social  Relationships  of  Children  in  the 
Middle  and  Lower  Socio-economic  Strata 

i-roject  Staff:  Melvin  L.  Kohn,  John  A.  Clausen,  Eleanor  E.  Carroll 

To  ascertain  whether  or  not  there  are  consistent  and  patterned 
differences  between  the  social  relationships  of  children  from  the 
middle  and  lower  socio-economic  strata  of  urban  society. 

iro.iect  No.  M-S-l-'-2 

Title:  Exploratory  Study  of  the  Use  of  Local  Community  Resources 
for  Handling  Mental  Health  irdblems 

1-roject  Staff:  Stephen  T.  Boggs 

To  evolve  and  test  hypotheses  about  the  utilization  of  formal 
agencies  and  informal  resources  (family,  friends,  associates  and 
strangers)  by  people  v;ith  personal  problems j  the  social  factors  in  the 
community  afTecting  this  utilization;  and  the  consequence^  of  various 
ways  of  handling  problems  for  the  subsequent  career  of  the  individual. 

i-To.ject  No.  M-S-1-3 

Title:   hre-hospital  Social  Factors,  Treatment  with  the  Tranquilizing 
Drugs,  and  Behavior  as  trognosticators  of  Successful  Release 
from  a  Mental  Hospital 

Project  Staff:  Erwin  L.  Linn 

To  determine  the  relationship  between  (a)  the  patient's  pre- 
hospital social  background,  (b)  his  course  of  treatment  in  the  hospital 
(with  particular  interest  in  reserpine  and  chlor promazine)  and  (c)  his 
behavior  while  in  the  hospital  and  the  duration  of  hospitalization  and 
probability  of  readraission,  for  functionally  psychotic  patients.  Among 
the  questions  to  be  asked  are  the  following: 

1.  Are  patients  treated  with  chlorpromazine  or  reserpine  more  likely  to 
be  i-eleased  during  the  first  year  of  hospitalization  and  more  likely  to 
remain  out  of  the  hospital  one  year  after  release  than  a  comparable  group 
of  patients  admitted  to  the  hospital  before  the  use  of  tranquiliaing 
drugs? 

2.  Have  the  tranquilizing  drugs  increased  the  probability  of  release  of 
patients  not  treated  with  drugs  because  of  the  generally  "calmer" 


atnosi^here  of  the  hospital  during  the  current  period  of  drUjj  therapy? 
3.     To  vhat  extent  do  patients  of  varyin^j  social  backgrounds  react 
differentially  to  the  drugsV 

JrTO.Ject  I\lo.   li-S-l--A 

Title:     A  Twin  Faiiiily  Study  of  Mental  Deficiency 

Iroject  Staff:     Dr.  Franz  J,  Kallmann,  Dr.   Gordon  Allen 

To  assess  the  frequency  with  which  mental  subnormality  can 
clearly  be  ascribed  to  non^enetic  factors  and  to  elucidate  the  inter- 
action of  genetic  constitution  with  environmental  causes  of  sub- 
noriiiality.     Also  to  develop)  better  methods  for  the  collection  and 
interpretation  of  twin  data  in  medical  research. 

Project  No.  M-S-P-5  ' 

Title:  Social  Mobility  and  the  Milieu  of  the  Psychiatric  Hospital 

Iroject  Staff:  Leslie  Schaffer,  Leila  C.  Doasy 

The  study  is  an  attempt  to  exjJore  the  relevance  and  impli- 
cations of  some  theoretical  work  by  Harold  Lasswell  concerning  social 
structure  and  social  nobility  -  partictilarly  his  notion  that  there  is 
a  significant  negative  relationship  between  the  extent  to  which  a  grouj 
achieves  solidarity  and  hi^^h  morale  and  the  incidence  of  mobility 
anion^,,  its  members.  It  is  hop;.ed  to  clarify  in  theoretical  terms  a 
particular  perspective  concerning  the  value  context  of  the  psychiatric 
hospital  and,  in  particular,  some  of  the  problems  concerning  respect 
as  a  value.  Among  other  questions  is  whether  there  is  a  significant 
difference  between  the  incidence  and  intensity  of  vertical  mobility 
in  a  psychiatric  setting  as  compared  with  conventional  medical  and 
surt,ical  settings. 
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During  the  past  year,  the  functions  of  the  Section  on  Technical 
Development  have  been  qtiite  varied.  Included  are  consultation  on  the 
instrumentation  problems  of  laboratory  personnel,  design  and  development 
work  on  these  problems,  construction,  repair  and  maintenance,  internal 
operation,  and  administrative  activj„ties. 

In  the  area  of  design  and  development,  several  items  of  equipment 
have  been  built  as  the  result  of  a  request  by  an  investigator ,  Some  of 
these,  to  be  listed  here,  are  potentially  of  -widespread  interests  For 
the  Laboratory  of  Psychology,  a  device  for  putting  discrjjninations  on 
magnetic  tape,  and  during  playback,  having  these  filtered  from  the  sound 
system  and  used  to  give  a  visual  indication,  A  system  for  communication, 
stimulation,  and  recording  from  vdthin  a  sound-proofed  room  to  an  outer 
roorao  For  the  Laboratory  of  Neuroanatomical  Sciences,  a  device  for 
photoelectrically  counting  urine  drops  and  reinjecting  an  equal  amount 
of  saline  solution  into  the  animal.  For  the  Laboratorj'-  of  Biophysics, 
numerous  high  impedance  amplifiers,  power  supplies,  data  boards  and 
control  circuitry  to  aid  them  in  preparing  for  the  annual  trip  to  the 
Marine  Biological  Laboratory  in  Woods  Hole,  Massachusetts.  For  the 
Director  of  Basic  Research,  a  slave  scope  assembly  to  facilitate  photogra- 
phy of  an  observed  waveform  on  an  oscilloscopeo  For  the  Laboratory  of 
Neurochemistry,  an  "Automatic  Sample  Changer  and  Radiation  Register"  for 
the  sequential  counting  of  blood  samples  for  predetermined  amounts  of 
time.  For  the  Laboratory  of  Neurophysiology,  a  technique  for  mounting 
and  using  thermistors  in  measuring  the  temperature  of  the  cortexo 

The  Section  on  Technical  Development  has  been  engaged  in  repair 
and  maintenance  to  the  limit  that  staffing  will  perrait.  Responsibility 
is  natural.ly  assumed  for  all  equipment  built  by  this  facility,  or  modified 
by  this  facility.  Repair  of  commercial  equipment  is  undertaken  when  an 
economic  saving  can  be  effected.-, 

Assistance  is  often  asked  for  and  given  in  the  form  of  consultation. 
First  the  feasibility  of  a  problem  is  determined  and  then  the  mechanics 
are  worked  outo  This  may  take  the  form  of  the  proper  commercially  avail- 
able item  to  purchase,  or  it  may  result  in  a  project  best  done  by  this 
Section,  or  a  combination  of  the  two.  The  result  of  consultation  may 
also  be  a  set  of  specifications  that  will  be  sent  out  on  bid. 

Internal  activities  include  projects  considered  worthwhile  by  the 
Section  which  are  pursued  further  on  the  ini.tiative  of  the  Section  Chief, 
One  such  project  is  a  miniaturized  high  voltage  supply,  powered  by  an 
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air  jet.  This  will  be  described  further  in  a  later  report.  Another 
activity  x<ras  the  expansion  of  the  Technical  Development  facilities  which 
carried  over  into  the  first  part  of  this  year.  Stocks  were  rearranged 
for  better  accessibility  and  work  areas  were  made  more  efficient  by  the 
installation  of  power  distribution  panels  at  each  position.  Files  were 
expanded  to  include  the  year's  newest  electronic  equipment  pertaining 
to  medical  research  and  continue  to  be  available  to  investigators  desiring 
to  use  them.  Stock  requisitions  and  equipment  loans  were  continued  to 
provide  components  and  instmiments  to  laboratory  personnel  on  a  minimal 
delay  basis.  The  procurement  of  supplies  extends  well  beyond  the  Section's 
own  needs  in  order  to  forestall  long  delays  when  an  investigator  needs  a 
component  quickly. 
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During  the  year  1957  the  Laboratory  of  Cellular  Pharmacology 
has  continued  its  favorable  developments   The  Laboratory  has  not 
yet  reached  its  maximum  potential  size  and  there  has  been  considerable 
difficulty  in  the  recruitment  of  technical  and  supportive  personnel . 
From  the  standpoint  of  professional  personnel  the  year  has  seen 
relatively  little  change,   Drs .  B,  Levenberg  and  G.  Jamieson  have 
joined  the  staff  of  the  Laboratory  as  Commissioned  Officer  and 
Visiting  Scientist  respectively ,  while  Dr .  J.  Durell  has  gone  to 
the  Department  of  Psychiatry  at  Yale  University  on  a  Training  Grant 
from  the  National  Institute  of  Mental  Health »   On  the  other  hand 
several  vacancies  at  the  technical  level  have  not  been  filled  and 
cannot  be  filled  because  of  lack  of  applicants.   While  the  reasons 
for  these  recruitment  difficulties  are  probably  beyond  the  scope  of 
this  report  they  are  pointed  out,  in  the  hope  that  some  action  may 
be  possible  to  remedy  this  unfortunate  situation o 

Very  little  progress  has  been  made  as  yet  towards  the  estab- 
lishment of  a  Section  on  the  biology  and  biochemistry  of  medicinal 
plants.   Developments  in  this  area  depend  on  the  construction  of  a 
greenhouse  facility  which  is  in  the  planning  stage.   It  is  hoped  that 
progress  will  be  more  rapid  in  the  next  year  so  as  to  allow  us  to 
proceed  vigorously  in  the  development  of  a  program  on  alkaloid  synthesis 
and  plant  biochemistry,  since  these  areas  are  of  great  interest  to  a 
balanced  program  in  cellular  pharmacology. 

The  scientific  ©fforts  of  the  Laboratory  have  continued  to 
center  along  three  main  lines: 

lo   Studies  on  biological  methylation, 

2c   Studies  on  amino  acid  metabolism, 

3,   Studies  on  comparative  biochemistry. 

It  has  been  pointed  out  in  earlier  reports  that  these  three 
broad  areas  have  been  selected  because  of  their  central  importance 
in  basic  biochemical  research  and  because  of  their  special  relevance 
to  problems  of  cellular  and  neuro  pharmacology.   Since  the  Laboratory 
is  a  relatively  small  and  tightly  knit  research  group,  we  favor  close 
and  frequent  exchange  at  the  intellectual  as  well  as  at  the  technical 
level  between  the  various  staff  members.   The  development  of  an 
atmosphere  of  mutual  interchange  has  been  facilitated  also  by  the 
fact  that  the  chosen  areas  of  study  represent  different  facets  of 
a  broad,  continuous  research  spectrum  rather  than  exploration  into 
entirely  separate  fields.   It  will  be  seen  from  the  detailed  analysis 
below  that  many  of  the  projects  are  listed  as  belonging  to  more  than 
one  of  these  three  areas , 
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Individual  Projects  1  through  38 
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Calendar  Year  1957 


Part  A. 


Project  Title:   Development  of  Intrinsic  Structures  of  the 
Human  Brain. 

Principal  Investigator:   W.  F.  Windle 

Other  Investigators:     L.  Guth 

Cooperating  Units:       None 

Man/Years  (calendar  year  1957) : 
Total:        1.15 
Professional:   .50 
Other:         .65 

Project  Description: 

Objectives :   To  conduct  an  embryological  study  of  the 
genesis  and  subsequent  development  of  nerve  fiber  tracts 
and  groups  of  nerve  cells  in  the  human  brain  and  spinal  cord, 

Methods  employed:   Study  with  the  light  microscope  of 
serial  sections  of  human  embryos  stained  by  certain  neur- 
ological silver  methods  to  bring  out  the  fine  details  of 
neuron  growth.   A  collection  of  human  embryos  which  has  been 
assembled  gradually  over  the  last  20  years  constitutes  the 
material  for  the  present  study. 

Major  findings:   Preliminary  to  completing  our  micro- 
scopical study  of  intrinsic  brain  structure  in  the  human 
fetus  during  the  fourth  to  seventh  week  of  gestation^  Dr. 
Guth  has  translated  the  book :  "Etudes  Sur  la  Neurogenfese  de 
Quelques  Vert6br6s"  by  S.  Ramon  y  Cajal.   This  relatively 
inaccessible  monograph  is  of  fundamental  importance  to  all 
studies  in  neuroembryology .   The  translation  will  be  ready 
for  publication  by  the  end  of  the  calendar  year. 
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Significance ;   Knowledge  of  intrinsic  development  of 
the  human  brain  is  scanty;  there  has  been  no  systematic 
study.   Most  descriptions  of  brain  development  have  been 
based  on  material  which  was  not  stained  specifically  for 
nervous  structures.   Until  we  have  detailed  knowledge  of 
the  intrinsic  structural  development  of  the  human  brain, 
we  will  not  have  adequate  basis  for  understanding  such 
things  as  the  normal  process  of  agingj,  the  advent  of  path- 
ological conditions  and  the  significance  of  functional 
aberrations. 

Proposed  course  of  the  project;   To  complete  the  first 
part  of  the  embryological  study  during  1958. 


Part  B  included :   Yes 


Serial  No.  NINDB-NA-  1 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 


Part  B;  Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Windle,  W.  F. :  Discussion  of  "The  Ultrastructure 
of  Synapses  in  Relation  to  Certain  Cyto- 
plasmic Double  Membranes"  by  Dr.  J.  David 
Robertson.   Pages  22-25  in  Chapter  1, 
Ultrastructure  and  Cellular  Chemistry  of 
Neural  Tissue,  H.  Waelsch,  Editor;  New 
York,  P.  B.  Hoeber,1957. 

Honors  and  Awards  relating  to  this  project  : 


Serial  No,,   HIN;DB-NA-2 


1,  Neuroanatomical  Sciences 
2o  Section  on  Development  and 

Regeneration 
3o  Bethesda,  Maryland 
4.  Same  as  NINDB-NA-2 
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Calendar  Year  1957 


Part  A, 


Project  Title:   Regeneration  in  the  central  nervous  system 

Principal  Investigator:   W.  Fo  Windle 

Other  Investigators:     None 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957): 
Total:         .60 
Professional:   .20 
Other :         ^  40 

Project  Description: 

Objectives;   To  study  factors  regulating  regeneration 
in  the  central  nervous  system.   To  learn  the  role  played  by 
the  neuroglia  cells  in  degeneration  and  regeneration   To 
attempt  to  alter  the  normal  response  of  the  central  nervous 
system  to  injury  in  such  a  way  that  a  milieu  favorable  to 
functional  regeneration  will  develop =   To  learn  why  regenera- 
tion occurs  so  readily  in  the  central  nervous  system  of  the 
lower  vertebrates  and  is  so  difficult  to  achieve  in  mammals 
and  man „ 

Methods  employed:   Spinal  cord  transection  in  various 
species  of  mammals  followed  by  institution  of  various  types 
of  therapy  to  try  to  alter  the  normal  response  of  the  spinal 
cord  to  injury.   Study  of  material  by  means  of  neurohistological 
and  histochemical  techniques. 

^Majbri  findings :   Histological  examination  of  the  spinal 
Cor'3s  of  cats  operated  on  one  to  two  years  before  sacrifice 
is  under  way„   Regenerated  nerve  fibers  which  had  crossed  the 
transection  site  during  the  first  few  months  were  blocked  by 
secondary  invasion  of  scar  tissue.   This  produced  secondary 
degeneration  of  the  regenerated  central  nerve  fibers.   After 
one  year,  a  pronounced  vascularization  of  the  operation  site 
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was  observed;  many  fascicles  of  nerve  fibers  of  peripheral 
(spinal  root)  origin  traversed  the  adventitial  vessel  coverings 
and  thus  penetrated  deeply  into  the  spinal  cord  stumps.   These 
appeared  to  effect  no  functional  connections , 

Studies  of  another  group  of  investigators  have  recently 
confirmed  our  original  demonstr<ation  of  central  nervous 
regeneration  in  cat  spinal  coi'ds  after  total  transection. 
Gaps  of  as  much  as  4  mm  have  teen  bridged,  but  functional 
restoration  has  not  yet  been  achieved..  A  completely  new 
technique  of  effecting  regenei^ation  has  been  described. 

Significance:   Import ano.e  of  studying  the  phenomenum 
of  regeneration  in  the  central  nervous  system  is  self  evident. 
Results  of  this  study  may  be  applicable  to  almost  any  traumatic 
injury  of  the  brain  or  spinal  cord  and  may  throw  light  on  any 
one  of  a  number  of  degenerative  diseases. 

Proposed  course  of  project;   A  collaborative  study  of  spinal 
cord  regeneration  in  monkeys  is  being  planned  with  the  investi- 
gators whose  new  observations  were  mentioned  above.   Experiments 
will  be  started  4t  Bethesda  in  December  or  January. 


Part  B  included:   Yes 
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Part  B:  Honors,  Awards,  and  Publications 
Publications  other  than  abstracts  from  this  project: 


Windle,  W.  F. 


Regeneration  in  Relation  to  the  Process 
of  Aging  in  the  Nervous  System.   Chap,  4 
in  "T}ie  Process  of  Aging  in  the  Nervous 
System,"   James  Birr en,  Henry  Imus  and 
William  Windle,  Editors.   Springfield, 
111.,  Charles  C  Thomas  (in  press),  1958. 


Honors  and  Awards  relating  to  this  project; 
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Part  A. 


Project  Title:   Hormonal  imbalance  in  relation  to  gestational 
abnormalities , 

Principal  Investigator:   W.  F,  Windle 

Other  Investigators:     None 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957): 
Total:         -50 
Professional:   .20 
Other:         .30 

Project  Description: 

Objective:   To  induce  ovulation  and  mating  hormonally 
in  cats  and  to  bring  about  matings.   To  study  possible  effects 
of  uterine  crowding  on  fetuses  and  offspring. 

Methods  employed:   Anestrus  cats  were  given  follicular 
stimulating  hormone  (FSH)  subcutaneous ly  each  day  until 
vaginal  smears  revealed  estrus„   A  single  intravenous  injection 
of  lutenizing  hormone  (LH)  then  induced  ovulation;  mating 
followed  in  21  of  22  animals.   Laparotomy  was  performed  at 
various  times  after  mating,  or  the  cats  were  permitted  to 
reach  term  and  deliver  their  kittens.   Two  9  month  old  kittens 
from  a  cat  with  history  of  hyperfetation(litters  of  6  to  11 
kittens  every  3  months  for  5  years)  were  obtained. 

Major  findings:   Abnormally  large  number  of  ova  ripened 
and  were  released  for  fertilization.   Abnormally  large  litters 
followed.   Failure  of  implantation  or  early  spontaneous  abortion 
occurred  in  11  cats.   In  9  others  the  smallest  litter  was  8 
(normal  mean  =  4)  and  the  largest,  20  fetuses.   Fetal  death  and 
resorption  was  prevalent.   The  largest  litter  carried  to  term 
was  13,  of  which  4  were  dead  and  one  was  hydrocephalic;  the 
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latter  developed  many  symptoms  of  neurological  nature  such 
as  ataxia,  tremor,  exophthalmos,  and  was  mute  during  the  3 
weeks  of  its  life.   One  cat  was  pregnant  (30  day's  gestation) 
when  given  FSH  and  LH;  it  ovulated  and  mated,  but  supraf etation 
did  not  take  place.   The  two  9  month  old  kittens  under  in- 
vestigation show  marked  neurological  defects.   One  was  com- 
pletely helpless;  it  has  been  killed  and  the  brain  is  being 
prepared  for  histological  study.   Grossly  it  showed  marked 
unilateral  hydrocephalus,  partial  atrophy  of  the  cerebellum, 
and  fiber  tract  asymmetry. 

Significance:   Creation  of  abnormal  hormonal  balance 
can  result  in  an  unusual  gestational  pattern  leading  to. death 
and,  perhaps,  neurological  abnormalities  in  the  perinatal  period, 

Proposed  course  of  the  project:   To  explore  further  the 
possible  neurological  and  psychological  deficits  resulting 
from  hormonal  imbalance  during  the  pregestational  and  perinatal 
periods  upon  the  neonate  and  infant.   To  extend  studies  of 
this  type  to  primates  as  opportunities  arise.   To  complete 
the  histopathological  aspects  of  the  study. 


Part  B  included:    No 
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Project  Title:   Asphyxia  neonatorum  in  the  ^at . 

Principal  Investigator:   W.  F.  Windle 

Other  Investigators:     None 

Cooperating  Units:      None 

Man  Years  (calendar  year  1957); 
Total :  50 

Professional:   .20 
Other:         .30 

Project  Description; 

Objectives:   To  explore  possible  effects  of  asphyxiation 
at  birth  in  the  cat.   To  determine  possible  species  differences 
between  cat,  guinea  pig  and  monkey. 

Methods  employed:   Cats  at  the  end  of  gestation  were 
rendered  unconscious  by  ischemic  decerebration,  laporatomy  v/as 
performed  and  fetuses  were  delivered  by  cesarean  section  or 
asphyxiated  by  clamping  the  umbilical  cord  and  then  delivered 
by  section  before  they  expired  from  the  asphyxia.   Recovery  was 
spontaneous  or  resuscitation  was  effected  by  manipulation  of  the 
chest.   Fifteen  asphyxiated  and  7  nonasphyxiated  kittens  v/ere 
studied. 

Major  findings:   The  intrauterine  fetal  heart  rate  of  the 
kitten  in  the  intact  abdomen  varied  from  119  to  16u  and  even 
206  beats  per  minute,  being  least  during  uterine  relaxation  and 
greatest  during  the  start  of  a  wave  of  contraction.   The  asphyxial 
rate  was  92  or  less   recovery  occurred  even  after  depression  of 
the  rate  to  34  beats  per  minute. 

Three  Z^ittens  failed  to  recover  from  asphyxia  neonatorum, 
2  recovered  from  19,5  and  20.75  minutes  of  asphyxia,  and  l\j 
recovered  from  asphyxia  of  shorter  duration  (up  to  16  minutes). 
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All  showed  symptoms  of  neurological  deficit  for  variable  times 
after  resuscitation  but  the  10  least  asphyxiated  recovered 
within  4  hours.   The  2  sustaining  longer  periods  of  asphyxia 
lived  for  5  days  and  6  weeks  respectively;  they  were  ataxic, 
tremorous,  spastic,  and  showed  other  neurological  symptoms  for 
these  periods  of  time. 

Significance:   Asphyxia  neonatorum  produces  a  picture  in 
the  cat  quite  li¥e  that  in  the  guinea  pig  and  the  rhesus  monkey, 
Survival  time  is  greatest  in  the  cat  and  least  in  the  monkey  at 
the  end  of  gestation o 

Proposed  course  of  project:   No  further  study  is  con- 
t erap lated  in  the  immediate  futur e , 


Part  B  included:   Yes 
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Part  B :   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Windle,  W»  F.:   Brain  Damage  in  the  Guinea  Pig  after 
Asphyxia  Neonatorum,   Chap„  3  in 
"Neurological  and  Psychological  Deficits 
of  Asphyxia  Neonatorum,"  W,  F.  Windle, 
Editor,  Springfield,  111.,  Charles  C  Thomas 
(in  press)  1958 . 

Honors  and  Awards  relating  to  this  project: 
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Part  A, 


Project  Title:   Induction  in  animals  of  a  condition 

resembling  human  parkinsonism  with  reserpine, 
and  possible  effects  on  neural  structure. 

Principal  Investigator:   W„  F.  Windle 

Other  Investigators:      J.  Cammermeyer,  E.  R.  Feringa 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957): 
Total:        1»10 
Professional:   .50 
Other :         , 60 

Project  Description: 

Objectives:   Further  exploration  of  phenomena  resembling 
paralysis  agitans  in  human  beings «   Induction  with  drugs ^ 
especially  reserpine,  of  these  phenomena  and  exploration  of 
anatomical  correlates „   Exploration  of  means  of  alleviating 
the  phenomena  by  surgical  and  medical  therapy o 

Methods  employed:   (a)  Monkeys  and  chimpanzees  were  given 
reserpine  (T)„2-0.6  mg/kg)  daily  for  varying  lengths  of  time. 
Two  monkeys  were  kept  on  this  regimen  almost  continuously  for 
over  18  months,  reaching  a  state  of  constant  tremor  and 
hypokinesia.   They  and  a  control  were  then  killed  by  the  per- 
fusion-f ixation  method  and  the  nervous  system  studied 
histologically. 

(b)  Monkeys  on  chronic  treatment,  having  developed  the 
desired  symptoms,  were  subjected  to  "chemopallidectomy"  after 

implanting  a  specially  devised  cannula  into  the  brain. 

Major  findings:   (a)  Many  neurons  of  the  cerebrum  and 
brain  stem  (but  not  cerebellum),  from  the  chronically  reserpinized 
monkeys,  exhibited  large  cytoplasmic  and  nuclear  vacuoles. 
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These  were  not  evident  in  control  material  nor  in  brains  of  cats 
treated  for  short  periods  of  time  with  the  same  drug.   The 
vacuolated  neurons  are  unlike  anything  encountered  in  other 
normal  material  and  resemble  no  well-recognized  pathological 
finding.   What  the  vacuoles  contained  has  not  been  determined. 
The  brains  of  the  monkeys  showed  no  other  manifestations  of 
abnormality.   The  brains  of  cats,  on  the  other  hand,  did  show 
evidence  of  earlier  encephalitis  not  related  to  administration 
of  reserpine. 

(b)  In  chronically  reserpinized  monkeys,  injections  of 
1%  novocain  (0.05  ml)  or  absolute  ethanol  (0.1-0.2  ml)  into 
the  globus  pallidus  transiently  reduced  or  abolished  tremors 
and/or  rigidity  in  all  cases.  Except  in  tests  involving  in- 
ternal capsule,  relief  lasted  less  than  24  hours.   This  part 
of  the  project  was  reported  at  the  First  International  Congress 
of  Neurological  Sciences  in  Brussels  in  July, 

Significance;   Present  studies  provide  the  first  Indication 
of  possible  neuronal  damage  resulting  from  prolonged  ad- 
ministration of  low  doses  of  reserpine.   It  should  give  grounds 
for  caution  in  respect  to  prolonged  use  of  this  "tranquilizer" 
drug . 

Proposed  course  of  project;   To  continue  the  histopathologi- 
cal  studies. 


Part  B  Included:  Yes 
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Part  Bl        Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Windle,  W„  F.,  Jo  Cammermeyer,  J.  Joralemon, 
J.  Oo  Smart,  E.  R.  Feringa  and  MoP,  McQuillen: 

Effects  of  reserpine  in  animals,  especially 
primates.   Trans.  Am.  Neur.  Ass,,  Vol.  for 
1957:69-71,  1957, 

Feringa,  Ec  R,  and  W.  F.  Windle:   Induction  of 

hypokinesia,  rigidity  and  tremor  in  primates 
with  reserpine.   Proc.  1st  Internat.  Cong, 
Neur.  Sc,  London"^  Pergamon  Press  (in  press), 
T^5^. 


Honors  and  Awards  relating  to  this  project:   None 
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Part  A. 


Project  Tit.'.e:   Regeneration  in  the  Peripheral  Nervous 
System. 

Principal  investigator:   Lloyd  Guth 

Other  Investigators:      None 

Cooperating  Units:       None 

Man  Years  v! calendar  year  1957)  :    Patient  Days  (calendar  year  1957) 
Total;  '       .60 

Profesf/ional:  .40  None 

Other:         .20 

Project  description: 

■Objectives;   To  determine  the  extent  of  morphological  and 
fusictional  restitution  following  heterogeneous  nerve  regeneration. 

Methods  employed:   Heterogeneous  nerve  regeneration  was 
secured  by  cross-anastomosis  of  various  nerves.   Cat  and  rat 
have  served  as  experimental  animals. 

Major  findings:  Experiment  1.   Following  vago-sympathetic 
anastomosis  in  the  cat,  the  ear  temperature  was  shown  to  return 
to  normal.   By  means  of  densitometric  measurements  of  the  pinna 
I  attempted  to  find  out  whether  this  restitution  of  ear  tempera- 
tures reflected  a  complete  return  of  vasomotor  tone.   Un- 
fortunately the  techniques  required  anesthetization  of  the 
animals  and  it  was  found  impossible  to  maintain  the  animals  at  a 
suitably  stable  level  of  anesthesia  for  the  experiment. 

Experiment  2.   Transectiosi  of  the  glossopharyngeal  nerve 
of  the  cat  or  rat  results  in  disappearance  of  taste  buds  on  the 
circumvallate  papilla  and  thinning  of  the  mucosa  of  the  papilla. 
Studies  are  in  progress  to  determine  whether  the  mucosal  atrophy 
is  the  result  of  decreased  mitotic  rate. 

Experiment  3.   Reinnervation  of  the  cat's  circumvallate 
papilla  by  glossopharyngeal  or  vagal  nerve  fibers  results  in  the 
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reappearance  of  taste  buds,   Reinnervation  by  hypoglossal  nerve 
fibers  does  Eot  cause  taste  buds  to 


Experiment  4„   Reinnervation  of  the  diaphragm  by  the  vagus 
nerve  (vago=phrenic  nerve  anastomosis)  results  in  restoration  of 

diaphragmatic  contractions.   Subsequent  transection  of  the 
regenerated  vagus  nerve  results  in  diaphragmatic  paralysis.   The 
motor  endings  formed  by  the  vagal  fibers  do  not  differ  from  those 

of  the  normally  innervated  diaphragm. 

Significance:   Experiment  2.   Although  these  findings  are 
preliminary,  this  may  prove  to  be  one  of  the  few  demonstrations 
in  a  mammal  of  a  "trophic"  nerve  effect,  a  function  of  the  adult 
nervous  system  other  than  impulse  conduction. 

Experiment  3.   This  result  suggests  a  difference  of 
specificities  of  motor  and  sensory  nerves  in  regard  to  their 
capacity  to  initiate  formation  of  taste  buds.   Furthermore  this 
result  corrects  an  error  in  the  literature  which  was  the  result 
of  the  inadequate  experiments  performed  by  Boeke  and  by  Olmsted, 

Experiment  4.   This  experiment,  which  substantiates  a 
similar,  but  inadequately  controlled  one  by  Brown  and  Satinsky, 
represents  the  first  proof  of  a  visceral  motor  nerve  successfully 
substituting  for  a  somatic  motor  nerve  in  an  adult  mammal. 

Proposed  course  of  project:  Experiment  1,   An  electric 
plethysmograph  is  being  made  in  the  Technical  Development  Section. 
which  should  allow  this  study  to  be  performed  on  unanesthetized 
cats. 

Experiment  2„   Studies  on  the  mitotic  rate  (colchicine 
technique)  of  denervated  and  normal  skin  and  lingual  mucosa  are 
now  in  progress. 

Experiment  3,   The  experiment  is  concluded. 

Experiment  4.   Studies  will  be  made  of  the  electrical 
activity  of  the  regenerated  vagus  nerve  to  determine  whether  it 
has  acquired  a  rhythmicity  similar  to  that  of  the  normal  phrenic 
nerve. 


Part  B  included:   Yes 
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Part  B;   Honors,  Awards,  and  Publications 


Publications  other  than  abstracts  from  this  project: 

Guth,  L. :  The  effects  of  glossopharyngeal  nerve 

transection  on  the  circumvallate  papilla 
of  the  rat.   Anat.  Rec. ,  (in  press  1957). 

Guth,  L. :  Taste  buds  on  tne  cat's  circumvallait;© 
papilla  after  reinnervation  by  glosso- 
pharyngeal, vagus,  and  hypoglossal  nerves, 
Anat.  Rec. ,  (in  press). 


Honors  and  Awards  relating  to  this  project: 
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Project  Title:   Study  of  the  influence  of  nerves  upon  their 
end  organs. 

Principal  Investigator:   Richard  L.  Sidman 

Other  Investigators:     None 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957) : 
Total:         =90 
Professional:   .40 
Other :         .50 

Project  Description: 

Objectives :   To  explore  the  "trophic"  function  of  nerves-- 
the  means  other  than  impulse  conduction  by  which  nerves  may 
influence  the  structure  and  function  of  their  end  organs. 

Methods :   Three  methods  were  used.   (a)  Organ  culture  in 
vitro :   Fragments  of  organs,  or  whole  embryonic  organs,  will 
survive  in  vitro  and  retain  many  of  their  normal  structural 
and  functional  properties.   Interaction  of  two  organs  can  be 
analyzed.   (b)  Cold-blooded  vertebrate  laboratory:   Influence 
of  nerve  on  limb  regeneration  in  adult  newts  was  studied  by 
surgical  interference  with  normal  innervation  followed  by 
histological  analysis  of  the  tissue  responses^  and  by  per- 
fusion of  chemical  substances  directly  into  the  regenerating 
tissue.   (c)  Brown  adipose  tissue  in  mice  is  bilaterally 
symmetrical.   It  can  be  denervated  unilaterally  and  the  res- 
ponse of  innervated  and  denervated  tissues  compared  in  the 
same  animal . 

Major  findings:   (a)  There  are  no  major  findings  with 
the  organ  culture  methods,  as  the  laboratory  modules  remain 
incomplete. 
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(b)  In  a  series  of  adult  newts,  limbs  were  allowed  to 
regenerate  in  the  presence  of  a  purely  motor  nerve  supply. 
The  regenerates  were  sectioned  serially  and  stained  with 
silv«er  to  study  the  distribution  of  nerve  fibers.   Nerve 
fibers  in  profusion  were  found  in  the  regenerate  but  none 
in  the  epidermis  which  overlies  it.   Thus  the  nerve  can 
exert  its  trophic  influence  at  a  site  in  the  regenerate 
other  than  the  epidermis.   The  epidermis  is  known  to  play 
a  special  role  in  limb  regeneration^  but  that  role  appar- 
ently is  not  under  nervous  control .   No  evidence  was  ob- 
tained as  to  why  motor  nerves  fail  to  enter  the  epidermis 
in  these  experiments. 

Perfusion  experiments,  attempting  to  mimic  the  trophic 
effect  of  nerve  on  limb  regeneration,  yielded  only  negative 
data. 

(c)  No  major  new  findings  can  be  reported  at  present  on 
the  effect  of  nerves  on  brown  fat  in  vivo. 

Significance :   Trophic  properties  remain  ill-defined, 
but  seem  worth  exploring  as  they  may  in  time  be  shown  to 
comprise  a  major  physiological  function  of  nerves. 

Proposed  course  of  project;   It  is  proposed--assuming 
the  tissue  culture  laboratory  is  completed  in  the  near  future 
— to  expand  the  culture  program,  at  the  expense  of  other  in- 
vestigations.  In  the  1958  report  tissue  culture  studies 
hopefully  will  be  described  as  a  separate  project.   The 
other  studies  included  in  the  present  summary  will  be  sus- 
pended until  the  culture  program  is  well  launched  and  then 
will  be  resumed,  as  personnel  and  time  allow.   The  studies 
on  regeneration  in  the  newt  (Part  b,  above)  are  being  pre- 
pared for  publication  in  collaboration  with  Dr.  Marcus 
Singer  of  Cornell  University. 


Part  B  included:    No 


Serial  No.  ^StlfflB-NA-S 


1 .Neuroanatomical  Sciences 
2. Sect ion  on  Development 

and  Regeneration 
S.Bethesda,  Maryland 
4o  Same  as  NINDB-NA-6 
PHS-NIH 
Individual  Project  Report 
Calendar  Year  1957 


Part  A. 


Project  Title:   Study  of  the  structure  and  chemistry  of 
photoreceptor  cells. 

Principal  Investigator:   Richard  h.    Sidman 

Other  Investigators:     Ned  Feder  NIAID 

Cooperating  Units:       NIAID,  Laboratory  of  Clinical 

Investigations 

Man  Years  (calendar  year  1957) : 
Total:        1.10 
Professional:   „ 50 
Other:         .60 

Project  Description: 

Objective:  To  relate  the  complex  structure  of  photo- 
re  ceptor~~cel  Is  to  the  chemical  processes  which  initiate 
vision. 

Methods  employed.  Several  histochemical  and  biochem- 
ical  methods  have  been  used,  among  which  are  (a)  phase 
contrast  microscopy  and  refractometry  (see  1956  report), 
(b)  histochemistry  (c)  spectrophotom.etry ,  and  (d)  elec- 
tron microscopy.  These  will  be  elaborated  below,  under 
Results.  Certain  new  histological  freeze-substitution 
techniques  have  proved  very  useful  and  are  described  in 
another  project. 

Major  Findings:   (a)  Histochemical  and  phase  contrast 
studies  on  the  retina  of  the  squid,  Loligo  pealii,  show 
that  the  photoreceptive  portions  of  the  rod  cells  are 
rectangular  in  cross  section  and  often  more  than  100  |a 
in  length,  contain  intracellular  melanin-like  pigment, 
and  enclose  an  intracellular  fibril  which  connects  the 
inner  and  outer  segments  of  the  cell.   Preliminary 
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electron  photomicrographs  (prepared  by  Dr.  Palay)  show 
that  two  sides  of  the  rectangular  rod  are  composed  of 
closely  packed  tubules  oriented  parallel  to  each  other 
and  at  right  angles  to  the  main  axis  of  the  rodo   The 
pattern  is  more  like  that  described  within  the  past 
year  in  insects  than  the  pattern  found  in  vertebrate 
rods.   However,  despite  these  major  differences  in 
retinal  morphology,  the  histochemical  reactiors  of  rods 
in  squid  and  vertebrates  appear  to  be  very  similar. 
The  squid  rods  are  rich  in  sulfhydryl-containing  pro- 
tein, bear  a  net  neutral  or  slightly  negative  charge, 
contain  large  amounts  of  a  relatively  insoluble  lipid 
and  contain  periodic  acid-Schiff  positive  material, 
probably  a  complex  carbohydrate.   No  glycogen  was  found 
in  any  part  of  the  retina^ 

(b)  Dehydrogenases  have  been  studied  in  frog  and 
turtle  retinas  with  Seligman's  new  histochemical  re- 
agent, Nitro-blue  Tetrazolium,   Succinic  dehydrogenase 
is  prominent  in  the  ellipsoids  and  synaptic  endings  of 
the  photoreceptor  cells,  in  the  cytoplasm  of  Mliller's 
cells,  and  in  the  inner  plexiform  layer.   Endogenous 
dehydrogenase  is  prominent  in  cone  myoids.   Neither 
enzyme  is  demonstrable  in  the  photoreceptive  outer  seg- 
ments of  rods  or  cones . 

(c)  The  new  freeze-substitution  techniques  allow 
convincing  demonstration  of  a  substance  between  the 
outer  segments  of  the  photoreceptor  cells  and  the  cell 
bodies  of  the  pigment  epithelium.   This  substance  ap- 
pears in  the  form  of  small  granules  and  fibrils;  it 
stains  metachromatically  with  toluidine  blue,  and  is 
both  periodic  acid-Schiff  positive  and  Alcian  blue  pos- 
itive.  On  the  basis  of  these  properties  it  can  be  con- 
sidered an  acid  mucopolysaccharide.   It  is  present  in 
retinas  of  mouse,  guinea  pig  and  monkey,  and  has  not 
been  demonstrated  conclusively  before  because  it  is  ex- 
tracted or  distorted  with  more  conventional  histologic 
techniques . 

(d)  Freeze-substitution  methods  allow  clear  demons- 
tration of  cones  in  the  guinea  pig  retina.   This  ob- 
servation was  made  by  Kolmer  in  1936  but  denied  b3/  all 
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subsequent  authorities  who  consider  the  guinea  pig  ret- 
ina to  be  of  pure  rod  type.   The  cone:  rod  ratio  is 
about  1:4  and  their  staining  properties  resemble  those 
in  other  duplex  vertebrate  retinas. 

(e)'  Absorption  spectra  have  been  recorded  of  rhod- 
opsin  in  intact  rod  cells.   The  absorption  Kiaximum  is 
shifted  10-15  \x   toward  the  infrared  from  its  position 
when  rhodopsin  is  extracted  and  measured  in  solution.  . 
A  number  of  methods  were  devised  for  obtaining  the  spect- 
rum of  rhodopsin  in  situ,  using  an  automatic  recording 
double  beam  spectro"photometer ,  and  in  every  instance  the 
shift  was  observed. 

Significance:   Progress  in  the  biochemistry  and  elec- 
trpphysiology  of  vision  demand  a  corresponding  refine- 
ment of  information  on  the  structure  and  chemical 
morphology  of  photoreceptor  cells.   The  results  describ- 
ed here  contribute  to  that  goal.   Particular  points  can 
be  stressed  in  the  same  order  used  above  in  results: 

(a)  the  data  on  squid  retina  support  the  motion  that 

phot orecept ion  requires  a  highly  specialized  cello   Comrsion 
features  in  all  photoreceptor  cells  so  far  studied  in 
detail  are  a  layered  and  oriented  cell  surface  or  special 
appendage,  an  intracellular  fibril, aa  intimate  association 
with  a  melanin-like  pigment  system,  a  particular  (unique) 
set  of  histochemical  staining  properties,  and  the  util- 
ization of  a  carotenoid-protein  photosensitive  pigment, 

(b)  the  enzymatic  apparatus  of  the  photoreceptor  cell 
also  has  an  unusual  spatial  distribution.   Seligman 's 
new  dehydrogenase  method  allows,  for  the  first  time  in 
histochemistry,  precise  localization  within  the  cell.  No 
dehydrogenases — indeed  no  enzyme  of  any  type — has  yet 
been  demonstrated  in  the  photoreceptive  portion  of  visual 
cells.   The  question  can  be  asked,  how  are  the  photorecep- 
tive processes  (segregated  in  the  outer  segment)  coupled 
with  the  enzymatic  processes  yielding  the  necessary  energy 
for  photoreception  (and  segregated  in  the  inner  segment) . 
Incidentally,  the  succinic  dehydrogenase  method  proves 
very  suitable  as  a  stain  for  mitochondria  in  the  nervous 
system  and  retina,  for  the  enzyme  appears  to  be  localized 
in  mitochondria. 
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(c)  The  significance  of  the  newly  described  acid 
mucopolysaccharide  is  unknown.   It  occupies  a  site  of 
undoubted  iiaportaiice,  however,  for  all  substances  pass- 
ing from  the  blood  stream  and  pigment  epithelium  to 
the  photoreceptors  (e.  g.,  vitamin  A)  must  cross  it. 

(d)  The  finding  of  cones  in  guinea  pig  retina  should 
stimulate  some  physiological  work  on  whether  t'le  guinea 
pig  has  color  vision.   None  of  the  other  laboratory 
rodents  has  a  retina  suitable  for  studies  on  color 
vision. 

(e)  The  significance  of  the  spectral  shift  in  rhod- 
opsin  when  extracted  from  the  rod  cell  is  not  clear. 
The  observation  emphasizes  the  principle  that  biochem- 
ical studies  should  be  made  on  intact  tissues  whenever 
possible . 

Proposed  Course  of  Project:   Each  of  the  5  subjects 
is  nearing  completion  and  will  be  prepared  for  publi- 
cation as  soon  as  the  laboratory  modules  are  again  in 
adequate  working  order,  so  that  a  few  uncertainties 
can  be  elim^inated.   Some  further  aspects  of  these  top- 
ics, approachable  by  histochemical  and  electron  micro- 
scopical means,  will  then  be  studied— using  monkey 
retina  particularly. 
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Part  B:   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Sidman,  R.  L. :  The  structure  and  concentration 
of  solids  in  photoreceptor  cells  studied  by  refrac- 
tometry  and  interference  microscopy.   J.  Biophys.  Cytol 
3:15-30,  1957.  ~  

Sidman,  R.  L. :  Book  review  of  "Ultrastructure 
and  Cellular  Chmistry  of  Neural  Tissue,"  H.  Waelsch, 
Editor.   J.  Histochem.  Cytochem. ,  (in  press)  1957. 
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Project  Title:   Development  of  new  histochemical  methods. 

Principal  Investigator;   Richard  L.  Sidman 

Other  Investigators:     Ned  Feder^  NIAID 

Cooperating  Units:       NIAID,  Laboratory  of  Clinical 

Investigations . 

Man  Years  (calendar  year  1957) : 
Total:        lolO 
Professional:   .50 
Other:         „60 

Project  Description: 

Objectives :  To  devise  new  methods  for  the  local- 
ization and  characterization  of  chemical  substances  in 
cells . 

Methods  employed :   The  primary  method  involves  rapid 
freezing  of  the  tissue  in  isopentane  cooled  with  liquid 
nitrogen  to  about  -160°  C,  followed  by  simultaneously  dis- 
solving the  ice  and  (if  desired)  fixing  the  tissue  in 
appropriate  solvents  which  remain  liquid  at  -25°C  to  -70°C. 
The  "substituted"  tissues  are  then  processed  by  the  usual 
histological  means.   Whole  mouse  and  guinea  pig  eyes,  and 
whole  mouse  embryos  were  chosen  as  the  major  test  objects 
because  their  cells  are  among  the  most  difficult  to  pre- 
serve without  distortion  and  their  chemical  composition  is 
varied. 

Major  findings:   Many  of  the  important  variables  have 
been  worked  out.   Objects  as  large  as  the  intact  guinea  pig 
eye  can  be  frozen  and  substituted  with  excellent  results. 
Initial  freezing  should  be  done  at  temperatures  well  below 
-100°C.   Ice  in  the  tissues  can  be  substituted  by  alcohol 
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alone  at  -70°C  or  by  concentrated  lithium  chloride  in 
water  at  -25°C^  but  cytological  preservation  is  much 
better  if  a  fixative  is  added  to  the  substituting  fluid. 
Osmic  acid  in  acetone  and  mercuric  chloride  or  picric 
acid  in  ethanol  are  the  best  agents  tried  so  far.   Tissues 
can  be  fixed  and  brought  to  clearing  agents  at  -70°C  and  then 
embedded  in  paraffin  at  58 °C  or  polyester  wax  at  37 °C  or  gel- 
atin at  25°C.   The  tissues  are  in  suitable  state  to  allow 
sectioning  at  1-2(jl  or  thicker. 

Freeze-substitution  would  seem  to  be  the  method  of 
choice  for  a  number  of  histochemical  purposes.   Lipids 
can  be  preserved  in  toto  with  aqueous  substituting  fluids 
at  -25°C  and  stained  with  osmic  acid  at  -25°C  in  the  bulk 
tissue,  or  with  sudan  dyes  at  room  temperature  in  gelatin- 
embedded  sections.   Glycogen  is  accurately  localized  and 
probably  100%  preserved  by  substituting  with  any  of  several 
non-polar  media  at  -70 °C.   Many  other  specific  staining 
reactions  can  be  applied,  such  as  stains  for  neurosecretory 
material,  silver  stains  for  nerve  fibers,  and  Nissl  and 
myelin  stains. 

Significance  of  results:   These  methods  appear  to  be 
among  the  most  accurate  and  flexible  procedures  for  preserv- 
ing ,  the  total  quantity!  of  chemical  substances  in  tissues 
and  for  localizing  them' accurately .   Numerous  applications 
to  the  nervous  system  will  be  found,  such  as  the  data  on 
retina,  given  elsewhere. 

Proposed  course  of  project:   The  results  described  here 
will  shortly  be  prepared  for  publication.   The  possibility 
of  developing  a  new  general  approach  to  enzyme  histochemistry 
will  be  explored;  it  may  be  feasible  to  infiltrate  tissue  in 
bulk  with  the  reagents  for  an  enzyme  procedure  at  temperatures 
below  0°C,  and  then  warm  the  tissue  to  activate  the  enzymes 
and  cause  precipitation  of  a  reaction  product  at  the  sites  of 
enzyme  activity  throughout  the  whole  tissue.   Also,  certain 
potential  applications  to  electron  microscopy  will  be  explored. 
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Project  Title:   Staining  of  nerve  cells  in  vivo  and  in 
vitro  by  fluorescent  vitaT  dyes. 

Principal  Investigator:   M.  K.  Wolf 

Other  Investigators:     None 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957) : 
Total:  1.00 

Professional:       .50 
Other:  .50 

Project  Description: 

Objectives:  (1)  To  establish  the  fluorescent  image  which 
the  truly  living  nerve  cell  will  display  when  stained  with 
acridine  orange  or  related  fluorescent  vital  dyes,  and  the  way 
in  which  this  image  will  be  altered  by  varying  internal  and 
external  conditions.   (2)  To  explore  some  aspects  of  the  blood- 
brain  barrier  by  the  use  of  these  dyes. 

Methods  employed:  (1)  Fluorescence  microscopy  of  teased 
or  crushed  bits  of  nervous  tissue,  either  locally  irrigated 
with  dye  solutions  or  taken  from  animals  parenterally  treated 
with  fluorescent  dyes,   (2)  An  attempt  is  projected  to  grow 
tissue  cultures  of  nervous  elements  in  the  presence  of 
fluorescent  dyes,  and  to  correlate  the  images  observed  with 
those  obtained  by  classical  histochemical  methods  (this  has 
awaited  completion  of  the  Tissue  Culture  Laboratory), 

Major  findings:   Acridine  orange,  although  it  does  not 
penetrate  the  blood-brain  barrier  of  adult  mammals,  has  been 
found  to  freely  penetrate  that  of  immature  mice  up  to  4  to  5 
weeks  of  age,  and  to  penetrate  the  placenta  so  that  fetuses 
may  be  stained  in  utero.   The  nervous  system  may  be  well  stain« 
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at  dose  levels  which  are  not  grossly  toxic.  At  toxic  levels  the 
dye  appears  to  depress  the  CNS„   This  contrasts  with  the  closely 
related  fluorescent  convulsantj,  acridone,  whose  first  appearance 
in  the  CNS  may  be  correlated  with  the  appearance  of  convulsant 
activity  in  the  EEG.  (Pfeiffer^,  *54).   All  cellular  elements  of 
the  CNS  appear  to  be  stained  by  acridine  orange,  and  only  green 
fluorescence  is  seen  in  teased  preparations  frora  parenterally 
injected  animals.   Similar  preparations  locally  irrigated  always 
show  orange  fluorescence  of  some  cytoplasmic  elements,  cyto- 
plasmic debris  and  sometimes  nucleoli,  at  the  lowest  concentrations 
of  dye  at  which  any  fluorescence  can  be  seen.   The  ganglion  cells 
of  the  retina  may  be  stained  by  intraocular  injection  of  acridine 
orange,  and  show  intermediate  images  depending  on  the  con- 
centration of  dye  used. 

Significance:   Since  the  green  and  orange  fluorescent  colors 
of  acridine  orange  are  known  to  correspond  to  monomolecular  and 
associated  states  of  the  dye,  a  thorough  study  of  acridine  orange 
histology  may  contribute  to  an  understanding  of  the  physical- 
chemical  states  of  cell  constituents.   This  study  is  also  of 
interst  because  of  the  close  structural  similarity  of  acridine 
orange  to  atabrine  and  other  drugs  with  schizomimetic  properties. 
The  ability  of  this  dye  to  penetrate  the  blood-brain  barrier  only 
of  the  immature  mammal  may  enable  a  study  of  the  steps  by  which 
the  blood-brain  barrier  matures  and  functions. 

Proposed  course  of  project:   To  continue  and  extend  these 
studies. 
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Part  A. 


Project  Title:   Process  of  Aging  in  the  Central  Nervous  System. 

Principal  Investigator:   Harry  H.  Wilcox 

Other  Investigators:     W.  F.  Windle 

Cooperating  Units:   University  of  Tennessee,  Medical  Units 

Division,  Memphis,  Tenn. 

Man  Years  (calendar  year  1957) : 
Total:  .60 

Professional:         .30 
Other:  .30 

Project  Description: 

Objectives;  To  study  the  normal  development  of  the  nervous 
system,  especially  the  brain,  from  early  embryonic  life  to  extreme 
old  age  in  order  to  try  to  understand  the  process  of  aging  as  it 
occurs  normally  in  the  brain  unaffected  by  degenerative  diseases. 

Methods  employed:  Qualitative  visual  study  with  the  light 
microscope,  quantitative  enumeration  of  nerve  cells  and  neuroglia 
cells,  and  measurements  of  these  elements  in  brains  of  healthy 
guinea  pigs  from  early  life  to  extreme  old  age. 

This  project  is  being  carried  out  in  the  Department  of 
Anatomy,  University  of  Tennessee,  Memphis,  under  contract  in 
cooperation  with  the  Laboratory  of  Neuroanatomical  Sciences, 
NINDB.  ■  The  principal  investigator  has  assembled  a  series  of 
specimens  from  a  single  colony  of  guinea  pigs  which  has  been 
maintained  under  closely  controlled  conditions  for  many  years. 
The  series  ranges  from  78  days  to  2,765  days  of  age.   Animals  were 
sacrificed  under  controlled  conditions  by  the  perfusion-f ixation 
technique.   All  were  prepared  by  the  histological  staining  methods, 

Major  findings:   The  total  number  of  neurons  in  a  certain 
measured-width  strip  of  cerebral  cortex  from  a  young  adult  guinea 
pig  is  not  significantly  different  from  the  total  number  in  a 
similar  strip  from  an  old  animal.   However,  the  determination  of 
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actual  cell  counts  alone  may  be  quite  misleading,  since  there  is 
apparently  a  decrease  with  aging  in  the  thickness  of  some  portions 
of  the  cortex  which  in  the  frontal  areas  averages  as  high  as  12.7% 
less  than  that  of  the  thickness  in  young  adults.   Using  cell 
density  rather  than  actual  counted  numbers  there  can  be  demonstrated 
an  increase  of  neuronal  density  in  this  region  on  the  order  of  8.2% 
in  older  animals  over  that  in  the  young.   This  indicates  an 
approximate  3%  cellular  decrease  per  unit  area  with  increase  in  age. 

A  similar  increase  in  total  glial  elements  can  be  demonstrated 
to  be  8%  with  increase  in  age.   This  is^  however,^  without  an 
apparent  increase  in  the  so-called  satellite  cells. 

A  3%  decrease  in  total  neuronal  population  in  this  series  of 
guinea  pigs  is  smaller  than  previous  estimations  and  measurements 
in  other  Species  have  indicated.   The  8%  increase  in  glial  elements 
is  similarly  smaller.   Many  more  counts  in  this  and  other  areas  will 
be  necessary  before  definite  conclusions  can  be  drawn  as  to  the 
significance  of  these  changes.   It  is  interesting  to  note  that  the 
major  change  seems  to  occur  during  the  4th  year  of  life  in  these 
animals,  with  a  wide  range  in  cortical  thickness  and  cell  numbers 
in  animals  over  4  years  of  age.   Many  more  animals  in  the  later  stages 
are  needed  to  establish  normal  values. 

Significance:  This  is  the  first  thorough  study  of  any  one 
species  in  which  factors  of  fixation  and  histological  preparation 
have  been  accurately  controlled.   It  is  the  first  one  in  which  all 
questions  of  immersion  fixation  artifacts,  postmortem  artifacts 
and  the  complication  of  disease  processes  have  been  eliminated. 

It  appears  that  the  process  of  aging  in  the  normal  guinea 
pig  brain  involves  decrease  in  interneuronal  substance  (neuropil) 
which  is  more  pronounced  than  loss  of  neurons. 

Proposed  course  of  project;   The  project  is  no  longer  under 
contract  with  the  University  of  Tennessee.   Efforts  by  Dr.  Wilcox 
to  obtain  financial  support  from  extramural  N.I.H.  funds  have  been 
fruitless.   It  is  expected  that  this  project  will,  therefore  be 
discontinued  for  lack  of  support. 
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Publications  other  than  abstracts  from  this  project: 

Wilcox,  H.  H. :  Structural  Changes  in  the  Nervous 

System  Related  to  the  Process  of  Aging. 
Chap.  2  in  "The  Process  of  Aging  in  the 
Nervous  System" ,   James  Birren,  Henry 
Imus  and  William  F.  Windle,  Editors. 
Springfield,  111.   Charles  C  Thomas 
(in  press)  1958. 

Windle,  W,  F.:  Regeneration  in  Relation  to  the  Process 
of  Aging  in  the  Nervous  System.   Chap.  4 
in  "The  Process  of  Aging  in  the  Nervous 
System. "  James  Birren,  Henry  Imus  and 
William  Windle,  Editors.   Springfield, 
111.,  Charles  C  Thomas  (in  press)  1958. 
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Project  Title:   Neurological  deficits  of  asphyxia  neonatorum 
in  the  rhesus  monkey., 

Principal  Investigator:   Wo  Fo  Windle  and  C.  J,  Bailey 

Other  Investigators:   J„  Cammermeyer,  Lo  Guth,  Irene  Miale, 

S=  Altmann,  Jo  Ranck^  Marisa  I.  Robert 
Ramirez  de  Arellano,  W.  Stiehl, 
Ja  G.  Frontera^ 

Cooperating  Units:     University  of  Puerto  Rico  Medical  School, 

San  Juan , 

Man  Years  (calendar  year  1957): 
Total:        1.60 
Professional:   .60 
Other:        1.00 

Project  Description: 

Objectives:   To  determine  whether  or  not  neonatal  asphyxia 
produces  neurological  deficits  in  monkeys »   To  relate  degrees  of 
asphyxiation  and  degrees  of  maturation  to  such  deficits «   To 
correlate  such  deficits  with  possible  structural  changes  in  the 
brain  and  spinal  cord:.   This  series  of  experim.ents  constitutes  a 
pilot  study  of  acute  effects  of  asphyxia  neonatorum  in  primates „ 

Methods  employed:  Twelve  animals  were  obtained  from  several 
sources :   (1)  from  the  Santiago  Island  colony;   (2)  from  the 
caged  breeding  colony  in  San  Juan;  (3)  the  animal  facilities  of 
NIH,  Bethesda;  and  (4)  from  commercial  suppliers  in  U.S.   The 
subjects  were  newborn  infants,  young  juveniles  and  pregnant 
females.   Five  animals  from  birth  to  about  45  days  of  age  were 
used  for  control  studies  of  behavior  and  brain  structure..   Seven 
were  asphyxiated,  4  at  cesarean  section  under  local  anesthesia, 
and  3  by  immersion  of  the  infant  in  an  atmosphere  of  N2  gas. 
Extensive  use  of  motion  picture  photography  and  tape  recordings 
provides  opportunity  for  com^parison  of  experiments  and  for 
review..   Subjects  were  killed  or  died  at  various  times  after 
asphyxiation  (30  minutes  to  6  days)  and  prepared  by  the  perfusion- 
fixation  method  for  histopathological  studies. 
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Major  findings:   Survival  time  during  asphyxiation  appears 
to  vary  inversely  with  age  of  the  subject.  At  the  end  of 

gestation  (164  day  mean)  lEonkeys  were  readily  resuscitated  after 
13  to  14  minutes  of  asphyxia.   At  about  6  to  7  weeks  of  age^  one 

failed  to  recover  from  4  minutes  of  asphyxiation , 

Five  male  infants  (4  asphyxiated  in  amnio  at  section^  one 
asphyxiated  in  N2  at  3  -  4  weeks  of  age)  were  successfully 
resuscitated.   All  exhibited  marked  neurological  deficits,  most 
of  which  persisted  for  the  periods  of  tirae  during  which  they 
were  allowed  to  live  (2-6  days  in  4;  1  still  living  at  45 
days).   Acute  effects  were:   (1)  impairment  or  cessation  of 
respiratory  activities;  (2)  impairment  of  establishment  of 
consciousness  (coma);  (3)  blocking  of  sensory  functions; 
(4)  blocking  of  reflexes;  (5)  depression  of  rate  of  heart 
beat  (with  abnormalities  in  EKG);  (6)  blocking  of  visceral 
functions.   Resuscitation  led  to  recovery  in  the  order:  5,  1, 
4  (in.  part)  J  6,  3  and.  2.   Altho>ugh  unnaturally  quiescent  and 
presenting  acute  nursing  and  care  problems  (all  lost  ability 
to  suck),  by  24  hours  the  resuscitated  monkeys  improved  to 
such  a  degree  that  investigators  became  optimistic  for  eventual 
recovery.   At  36  to  48  hours  conditions  deteriorated  markedly 
in  3  of  them,  with  muscular  f asciculations,  nasal  regurgita- 
tion, impaired  motor  and  sensory  functions,  somnolence, 
visceral  disturbances,  status  epilepticus  and  respiratory 
arrest ,   In  only  one,  the  most  severely  affected  of  the  series, 
was  a  serious  effort  made  to  keep  the  animal  alive  and  it 
succumbed  to  respiratory  and  cardiac  arrest  early  on  the 
fourth  day.   Others  were  killed  at  different  .ages  for  histologi- 
cal studies.   One  is  still  living. 

Residual  Keurological  symptoms  were  many  and  varied. 
Impaired  locomotion,  postural  defects,  ataxia,  tremor, 
rigidity,  failure  to  establish  natural  vocalization,  exotrophia, 
failure  of  sucking  reflex,  hypokinesia,  lethargy,  somnolence 
and  other  symptoms  were  present , 

Sections  of  the  brains  of  6  monkeys  have  been  examined. 
These  were  specimens  2  hours,  2,  4,  and  6  days  after  resuscita- 
tion, and  2  control  brains.   Extensive  changes  are  evident  in 

the  4  experimental  animals'  brains.   No  heiriior.rhages  nor  focal 
lesions  were  seen,  but  diffuse  primary  neuronal  daraage  and, 
in  the  4  to  6  day  brains,  neuronal  destruction  (lysis)  were 
present  throughout.   Changes  were  m.ore  marked  in  certain  nuclei 
and  centers  than  in  others  and  the  details  will  require  time 
to  study.   This  destruction  was  of  such  a  nature  that,  had  the 
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animals  lived  for  6  months  or  more,  it  might  have  been  dif- 
ficult to  ascertain. 

Significance:   Clear  experimental  evidence  that  asphyxia 
neonatorum  xn  a  primate  can  produce  symptoms  comparable  to 
certain  ones  described  in  human  cerebral  palsy j,  epilepsy  and 
other  neurological  disorders  of  infancy  has  been  obtained  for 
the  first  time.   The  type  of  acute  structural  brain  damage 
which  follows  asphyxia  neonatorum  has  been  demonstrated;  it  is 
more  diffuse  than  had  been  espected  and  is  compatible  with  the 
theory  that  asphyxia  at  birth  may  bring  about  changes  that 
become  difficult  to  recognize  with  passage  of  time  but  which 
may  be  reflected  in  impairment  of  mental  processes. 

Proposed  course  of  project:   To  continue  and  broaden 
this  pilot  project.   To  extend  the  histopathological 
studies.   To  produce  more  surviving  animals  and  to  test 
them  psychologically. 
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Windle,  W,  F,:   "Neurological  and  psychological 
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Project  Title:   Behavior  and  social  organization  of  rhesus 
monkeys  on  Cayo  Santiago ^  Puerto  Rico 

Principal  Investigator:   S.  Ao  Altmann 

Other  Investigators:     None 

Cooperating  Units:   University  of  Puerto  Rico  Medical  School 3, 

San  Juan 

Man  Years  (calendar  year  1957): 
Total:         .50 
Professional:   .25 
Other:         .25 

Project  Description: 

Objectives:   A  two-year  study  of  behavior  and  social 
organization  of  rhesus  monkeys ^  Macaca  mulatta,  was  begun 
on  Cayo  Santiago  in  June,  1956,  to  obtain  basic  control  data 
on  the  species  of  animals  to  be  used  in  experiments  on 
neurological  and  psychological  deficits  of  adverse  factors  in 
the  perinatal  period. 

Methods  employed:   The  basic  task  in  studying  the  reactions 
of  organisms  is,  first,  to  catalogue  the  reactions  and,  second, 
to  determine  the  frequencies  of  each  category.   Further,  if  we 
are  to  maximize  the  accuracy  of  our  predictions,  we  must  obtain 
an  estimate  of  the  sequential  probabilities  of  responses.   That 
is,  if  we  call  the  behavior  acts  in  the  monkeys'  "repertoire" 
A,  B,  C,  D,  etc,  and  we  know  that  the  monkey  has  just  done  A, 
we  need  to  know  the  probability  that  the  next  action  will  be  a 
repetition  of  A,  the  probability  that  it  will  be  B,  the  probability 
that  it  will  be  C,  and  so  forth. 

With  this  theoretical  framework  in  mind,  a  technique  that 
makes  it  possible  to  obtain  sequential  data  of  animals  under 
free-ranging  conditions  was  developed. 
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Major  findings:   Much  of  the  first  year  of  research  on 
Cayo  Santiago  was  devoted  to  compiling  a  catalogue  of  social 
behavior  of  the  rhesus  monkey.   The  catalogue  contains  about 
50  categories  of  behavior ^  such  as  various  threat  gestures 
and  vocalizations^  the  signals  by  which  adult  females  induce 
their  infants  to  cling  to  the  mother's  ventral  surface^  a 
group  locator  signal^  and  so  forth.   The  catalogue  is  now 
virtually  complete. 

Present  research  is  devoted  largely  to  recording 
sequences  of  behavior.   So  far^  several  thousand, binary 
sequences  (iQCo  any  item  of  the  catalogue  follov,'ed  by  any 
other)  have  been  recorded^  and  continue  to  be  collected  at 
the  rate  of  about  100  per  day.   The  analysis  of  such  extensive 
data  will  doubtless  require  punch  card  sorters „ 

In  the  present  study,  special  emphasis  is  being  placed 
on  two  aspects  of  the  rhesus  monkeys'  life  history;  social 
communication  and  the  ontogeny  of  behavior,  from  infancy 
onward.   Free-ranging  rhesus  macaques  live  in  groups  of  unusual- 
ly high  social  stability.   This  stability  is  maintained  by  a 
complex  system  of  social  signals:   gestures,  vocalizations,  etc. 

The  infant  monkey  grows  up  within  this  system  of  social 
signals.   Much  of  the  infant's  first  year  of  life  is  spent 
learning  the  simple  fact  that  he  will  not  be  responded  to  in 
the  same  way  by  each  of  the  other  members  of  his  society.   Only 

one  adult  female,  his  mother,  will  tolerate  his  attempts  to  nurse, 
At  first,  only  one  of  his  associates,  his  next  oldest  sibling, 
is  tolerated  by  his  mother  as  a  playmate  for  him.   Gradually, 
as  he  becomes  more  independent  of  his  m.other,  he  encounters  an 
ever-widening  group  of  associates,  and  soon  learas  to  recognize 
those  that  are  potentially  aggressive.   When  he  is  about  six 
months  old,  he  is  forcefully  weaned  by  his  mother,  but  con- 
tinues to  associate  with  her^-and  with  her  subsequent  offspring 
until  he  is  about  two  years  old. 

The  reproductive  activities  of  the  monkeys  on  the  island 

show  an  interesting  annual  cycle,  the  cause  of  which  is  not 
fully  understood.   Extensive  sexual  activity  begins  in  September; 
the  infants  are  born  the  following  year  in  the  period  from 
FebSruary  to  May.   This  correlates  well  with  the  known  gestation 
period  of  the  rhesus,  about  168  days. 

Other  phenomena  of  primate  groups,  such  as  territoriality 
and  home  range,  social  dominan,ce  and  subordination,  aggressive 
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and  sexual  behavior,  group  leadership,  social  stability  and  the 
origin  of  social  groups,  are  also  being  studied. 

Significance:   The  opportunity  to  study  a  colony  of  rhesus 
monkeys  under  free-ranging  conditions  is  unique  in  the  new 
world. 

The  basic  research  with  the  colony  on  Cayo  Santiago  is 
transforming  it  into  one  of  the  best-known  groups  of  free- 
ranging  mammals.   Despite  the  fact  that  rhesus  macaques  are 
used  more  extensively  in  biomedical  research  tha;i  all  other 
primates  combined,  many  fundamental  biological  questions  about 
this  monkey  have  never  been  adequately  studied.   A  continuation 
of  research  with  the  rhesus  colony  on  Cayo  Santiago  may  well 
provide  answers  to  many  of  these  questions. 

Proposed  course  of  project:   Present  plans  call  for  the 
continuation  of  this  research  by  the  present  investigator 
untxl  midrriL9i58'.   This  should  provide  ample  time  to  collect 
the  extensive  data  that  are  necessary  for  the  estimates  of 
sequential  probabilities,  and  to  obtain  baseline  norms  for 
infant  development  in  this  species. 
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Part  A. 


Project  Title:   Physical  Measurements  of  Rhesus  Monkeys 
from  Birth  to  Old  Age. 

Principal  Investigator:   S,  A,  Altmann  and  J.  G.  Frontera 

Cooperating  Units:   University  of  Puerto  Rico  Medical  School, 

San  Juan 

Man  Years  (calendar  year  1957): 
Total:         .50 
Professional:  .25 
Other:         .25 

Project  Description: 

Objectives:   To  arrive  at  age  estimates  of  monkeys  in 
the  Santiago  Colony  based  on  standard  physical  measurements. 

Methods  employed:   The  techniques  of  anthropometry  are 
being  used  to  obtain  data  on:   sitting  height,  head  length, 
head  breadth,  foot  length,  tail  length,  dentition  and  weight. 
The  definitions  of  A.  H.  Schultz  were  used.   To  date,  172 
monkeys  of  various  ages  have  been  measured  on  one  or  more 
occasions  between  June,  1956  and  September  1957. 

Major  findings :   It  is  too  early  to  report  results. 
Mortality  in  the  colony  is  now  remarkably  low;  about  35  infants 
survived  from  births  in  1956. 

Only  about  30  per  cent  of  the  females  on  the  island  are 
of  reproducing  ages  (5+  years)  and  only  about  1  per  cent  are 
3  to  5  years  old.   The  greatest  number  are  juveniles  and 
adolescents.   Reproductive  potential  of  the  colony  should  show 
a  sharp  increase  when  the  adolescent  monkeys  begin  to  become 
pregnant . 


Page  2  Serial  No.   g!?]rjiTi)g-.NA-14  '  •  ^ " " 

Part  A  Project  Description  (cont'd) 

Significance;  Mensuration  data  on  the  monkeys  of  Santiago 
Island  are  of  primary  value  as  a  means  of  estimating  ages.  Age 
determination  is  essential  for  study  of  growth  and  development, 
behavioral  ontogeny  and  other  studies. 

Proposed  course  of  project:   To  continue  the  project.   To 
correlate  data  with  that  obtained  from  the  caged  colonies. 
To  integrate  the  study  with  one  by  Dr.  James  A.  Gavan  who  has 
received  extramural  support  to  carry  out  an  investigation  on 
Cayo  Santiago, 


Part  B  included:    Yes 
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Part  B:   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Frontera,  J.  G.  :   History  of  the  Cayo  Santiago  Primate 

Colony.   Chap.  18  in  "Neurological  and 
Psychological  Deficits  of  Asphyxia   ~ 
Neonatorum",  W.  F.  Windle,  Editor . 
Springfield,  111.,  Charles  C  Thomas 
(In  press)  1958. 

Honors  and  Awards  relating  to  this  project: 
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Part  A. 


Project  Title:   Psychological  Deficits  of  Asphyxia  Neonatorum 
in  Guinea  Pigs. 

Principal  Investigator:   C.  J.  Bailey 

Other  Investigators:     None 

Cooperating  Units:   University  of  Puerto  Rico  Medical  School, 

San  Juan.   U.S.  Public  Health  Service  Clinic, 
San  Juan. 

Man  Years  (calendar  year  1957) : 
Total:        1.10 
Professional:   .50 
Other:         .60 

Project  Description: 

Objectives:  To  determine  the  ability  of  guinea  pigs  to  learn 
and  remember  simple  maze  problems  at  various  ages. after  asphyxiation 
at  birth.   To  extend  earlier  experiments  of  Becker  and  Windle  to 
older  ages  and  different  test  situations.   To  correlate  physiologi- 
cal and  psychological  studies  with  histopathological  observations 
on  the  brains. 

Methods  employed:   As  previously  described:  (a)  asphyxia- 
tion by  intrauterine  ischemia  at  full  term,  (b)  resuscitation  by 
intratracheal  insufflation  with  02<i  (c)  study  of  neuromuscular 
and  neurosensory  deficits,  (d)  testing  learning  ability  in  mazes 
and  (e)  histopathological  correlations.   Littermate  controls  were 
used. 

Major  findings:   Using  the  Becker  alternation  maze,  dif- 
ferences between  controls  and  experimental  animals  at  11  to  18 
months  after  asphyxia  neonatorum  were  not  statistically  signifi- 
cant in  respect  to  time  of  running  and  aumber  of  errors  made. 
There  was  a  difference  in  respect  to  perseverative  errors  which 
was  nearly  significant,  being  between  the  0.02  and  0.05  levels. 
Using  the  new  Closed  Field  Maze,  in  which  animals  must  swim  from 
place  to  place,  these  adult  guinea  pigs  which  had  been  asphyxiated. 
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on  the  whole,  performed  more  poorly  than  their  nonasphyxiated 
littermates.   Excepting  one  pair  in  which  the  control  animal 
was  in  poor  physical  condition,  the  difference  was  significant 
at  the  0.01  level.  Histopathological  studies  are  in  progress. 

Significance:   Asphyxia  neonatorum  in  the  guinea  pig  - 
previously  shown  by  Windle  and  Becker  to  produce  neurological 
and  psychological  deficits  correlated  with  structural  brain 
damage  in  the  first  8  to  10  weeks  of  life  ^   now  appears  to  have 
produced  effects  on  adult  ability  to  learn  simple  problems. 

Proposed  course  of  project:   The  acute  and  chronic 
physiological  and  experimental  psychological  aspects  have  been 
completed.   Though  many  interesting  leads  could  be  pursued 
profitably,  the  time  of  the  investigators  must  be  devoted  to 
primates  next  year.   The  histopathological  studies  will  be  con- 
tinued at  Bethesda  and  correlations  drawn  where  possible. 
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Part  B;   Honors ^  Awards ^  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Bailey^  C.J.:  Interrelationship  of  Asphyxia  Neonatorvim, 
Cerebral  Palsy  and  Mental  Retardation. 
Present  Status  of  the  Problem.   Chap.  2  in 
"Neurological  and  Psychological  Deficits  of 
Asphyxia  Neonatorum,"  W.  F.  Windle,  Editor. 
Springfield,  111.,  Charles  C  Thomas  (in  press) 
1958. 


Honors  and  Awards  relating  to  tliis  project: 
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Part  A. 


Project  Title:   EEG  studies  in  guinea  pigs  subjected  to 
asphyxia  at  birth. 

Principal  Investigator:   Marisa  I.  R.  Ramirez  de  Arellano 

Other  Investigators:     J.  Ranck 

Cooperating  Units:   University  of  Puerto  Rico  School  of 

Medicine  and  U. S. P. H.S. Clinic,  San  Juan 

Man  Years  (calendar  year  1957): 
Total:  1.00 

Professional:      .50 
Other :  .  50 

Project  Description: 

Objectives:   To  learn  whether  or  not  episodes  of  asphyxia- 
tion during  birth  of  guinea  pigs  leads  to  changes  in  the  EEG. 

Methods  employed:   A  technique  was  developed  for  recording 
electr©e>no.ephaiC!g£aaiit»  in  the  guinea  pig  using  scalp  electrodes, 
This  was  applied  to  27  guinea  pigs  asphyxiated  at  birth  by  the 
method  of  Windle,  37  nonasphyxiated  littermates  serving  as 
controls.   Electroencephalography  was  performed  at  various  ages, 
The  same  animals  were  subjected  to  learning  tests  in  an 
alternation  maze. 

Major  findings:   The  control  series  includes  records  made 
at  ages  24  hours  to  35  weeks,  both  during  wake  and  nembutal - 
induced  sleep.   As  in  the  case  of  human,  it  was  observed  that 
the  electroencephalograph  pattern  changed  with  age.   Up  to  the 
age  of  5  weeks,  high  voltage  slow  waves  predominated,  most 
marked  in  the  f rentals  and ^arietals.   The  older  age  group 
showed  lower  voltages  in  all  leads.   Well  developed  sleep 
spindles  were  observed  in  the  older  guinea  pigs;  but  although 
these  were  found  in  the  younger  group  they  were  not  as  well 
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organized. 

The  electroencephalographic  recordings  of  many  previously 
asphyxiated  animals  between  4  and  35  weeks  did  not  differ 
greatly  from  those  of  the  control  littermates.  However,  in  some 
cases  a  tendency  to  generalized  slow  frequencies  with  formation 
of  waves  which  showed  a  strong  positive  component  was  observed, 
these  differences  becoming  more  marked  during  sleep.   In  more 
of  these  recordings  there  were  focal  disturbances,  asymmetries 
or  seizure  discharges. 

Significance:   The  results  of  this  study  form  part  of 
the  basis  for  understanding  neurological  deficits  of  asphyxia 
neonatorum. 

Proposed  course  of  project :   To  complete  the  experiments 
and  correlate  the  findings  with  histopathological  observations 
on  the  brains. 


Part  B  included:   Yes 
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Part  B:   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Ramirez  de  Arellano,  Marisa  I.R.:   Indications  of 
Brain  Damage  Related  to  Neonatal  Asphyxia 
and  Other  Perinatal  Factors  in  Puerto  Rico. 
Chap.  15  in  "Neurological  and  Psychological 
Deficits  of  Asphyxia  Neonatorum,"  W.F.  Windle, 
Editor.   Springfield,  111.,  Charles  C  Thomas 
(in  press),  1958. 


Honors  and  Awards  relating  to  this  project: 
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Part  A. 


Project  Title:   Technique  of  the  neurological  examination  of 
the  monkey  (Macaca  mulatta) „ 

Principal  Investigator:   J.  Ranck  and  Marisa  I„R.  Ramirez 

de  Arellano 

Other  Investigators:     None 

Cooperating  Units:   University  of  Puerto  Rico  Medical  School, 

San  Juan 

Man  Years  (calendar  year  1957): 
Total:  .90 

Professional:     .40 
Other :  .50 

Project  Description: 

Objectives:   To  design  and  perfect  techniques  for  carrying 
out  neurological  examinations  of  monkeys  from  the  first  day  of 
life  to  maturity. 

Methods  employed:   Adaptation  of  standard  methods  used  in 
the  human  neurological  examination,  when  possible,  recording 
photographically  each  step  in  motion  pictures.   The  monkeys  on 
Cayo  Santiago  and  in  the  San  Juan  caged  colony  are  used  as 
subjects. 

Major  findings:   Considerable  progress  has  been  made  in 
the  infant  monkey,  A  protocol  with  "check  sheets |'  has  gone 
through  several  revisions  and  is  now  being  used  in  comparing 
asphyxiated  with  control  animals.   It  is  too  early  to  analyze 
the  data. 

Significance:   Although  the  monkey  is  being  used  for 
experimental  neurological  investigations  in  many  institutions, 
no  satisfactory  standards  for  the  neurological  examination  have 
been  published. 


I 

Page  2  Serial  No.  _im©^TA-17 

Part  A  Project  Description  (cont'd.)  \\ 

Proposed  course  of  project :   To  complete  the  stuoi>,  and 
publish  results  illustrated  by  motion  picture,         :^ 


Part  B  included:   No 
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Part  A. 


Project  Title:   Ultrastructiire  of  nervous  system. 

Principal  Investigator:   Sanford  h.    Palay 

Other  Investigators:      Milton  W.  Brightman,  S.M.  McGee- 

Russellj  Spencer  Gordon 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957): 
Total:         1.35 
Professional:    .60 
Other:  .75 

Project  Description: 

Objectives:   To  study  the  ultrastructure  of  nervous 
tissue,  particularly  the  synapse  and  the  glia  with  special 
attention  to  the  correlation  between  structure  and  function. 

Methods  employed:   The  principal  instrument  employed  is 
the  electron  microscope. 

Major  findings:   Since  last  year's  report  the  Section  on 
Neurocytology  has  set  up  the  laboratory  for  electron  microscopy 
of  the  nervous  system,   A  large  portion  of  the  year  was  spent 
in  waiting  for  the  completion  of  construction,  the  installa- 
tion of  equipment,  and  the  training  of  personnel.   The 
laboratory  has  been  in  operation  only  about  six  months.   During 
this  time  a  study  of  the  synapses  on  the  giant  Mauthner  cell 
in  the  medulla  of  the  goldfish  has  been  initiated.   Adequate 
methods  of  fixation  have  been  devised.   Additional  studies  of 
the  brain  of  the  rat  and  the  monkey  have  been  started.   It  is 
still  too  early  to  report  any  definitive  results. 

Significance:   Electron  microscopy  has  already  revealed 
the  ultrastructure  of  the  synapse  in  some  detail «   The  meaning 
of  this  "stacucture  in  terms  of  function  now  awaits  discovery. 
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Some  neurophysiologists  are  already  speculating  that  the  small 
synaptic  vesicles  within  the  terminals  contain  acetylcholine, 
but  no  evidence  has  yet  been  adduced „   It  is  important  for  an 
understanding  of  the  mechanisms  of  impulse  transmission  to  have 
functional  correlates  for  the  ultrastructure  revealed  by 
electron  microscopy. 

One  of  the  important  problems  in  neuroanatomy,  neuro- 
physiology, and  neuropathology  is  a  determination  of  the 
location  and  characteristics  of  the  extracellular  space  within  i,A. 
the  tissue  of  the  central  nervous  system.   According  to  electron^ 
Micrographs,  the  space  between  cellular  elements  is  remarkably 
narrow,  not  more  than  200A  wide,  and  probably  not  occupying  more 
than  15  per  cent  of  the  volume  of  the  central  nervous  system, 
A  physiological  and  morphological  study  of  glia  would  provide 
important  information  for  this  problemo 

Proposed  course  of  project:   The  study  of  the  Mauthner 
cell  and  its  synapses  will  be  continued  during  the  year  in 
order  to  complete  it,   A  study  of  the  characteristics  of  den- 
drites and  axons  both  in  fish  and  in  mammals  will  be  carried  on. 
An  experimental  investigation  of  the  extracellular  space  will  be 
worked  out  in  collaboration  with  Dr,  Gordon, 
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Part  B:   Honors,  Awards,  and  Publications 

publications  other  than  abstracts  from  this  project: 

Palay,  S,L,:  Contributions  of  electron  microscopy  to 
neuroanatomy  "New  Research  Techniques 
of  Neuroanatomy ,  "~W"  F.  Windle,  Editor, 
Spriiigi'ield^  111  ,  Charles  C  Thomas,  1957. 

Palay,  S.L;:  An  electron  microscopical  stiidy  of  neuroglia. 
"Biology  of  Neuroglia';  W.  F.  Windle,  Editor, 
Springfield,  111.,  Charles  C  Thomas  (in  press) 
1958. 

Palay,  S=L.:  The  morphology  of  synapses  in  the  central 
nervous  system.   Exp,  Cell  Research, 
Supplement,  (in  press)  1958. 

Honors  and  Awards  relating  to  this  project:   None 
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Part  A, 


Project  Title:   Enzymatic  reactions  of  gamma-=aminobutyrate 
( y  =AB)  catalysed  by  brain  tissue. 

Principal  Investigator:   R,  W,  Albers 

Other  Investigators:     None 

Cooperating  Units: 

Man  Years  (calendar  year 
Total:  .50 
Professional:  .20 
Other:         .30 

Project  Description: 

Objectives:   To  establish  and  characterize  the  enzymatic 
transformations  of  y~AB  and  related  compounds  which  occur  when 
these  compounds  are  incubated  with  brain  tissue  under 
appropriate  conditions. 

Methods  employed:   Spectrophotometry j,  fluorimetry, 
chromatography  and  related  techniques. 

Major  findings:   The  previously  defined  transamination  of 
y-AB  with  a=  ketoglutarate  ( a  =KG)  has  been  further  character- 
ized with  respect  to  the  kinetics^  specificity  and  reversibility 
of  the  reaction  in  rat  and  monkey  brain.   Conditions  have  been 
established  for  obtaining  the  maximal  catalytic  activity  for 
quantitative  assay  of  the  enzyme  activity.   The  enzyme  has  been 
found  to  be  highly  specific  for or KG.   The  reaction  does  not  occur 
to  a  significant  extent  when  a=KG  is  replaced  by  pyruvate  or 
oxaloacetate.   When  succinic  semialdehyde  (SSA)  and  glutamic 
acid  are  incubated  together  with  brain  tissue^  the  disappeareance 
of  SSA  is  in  excess  of  the  formation  of  y-AB  and  also  occurs  in 
the  absence  of  gluatamate.   This  constitutes  direct  evidence 
for  an  additional  enzyme  acting  on  SSA, 

When  a  -»KG  and  y-AB  are  incubated  together  with  brain 
tissue  and  the  appropriate  reagent j,  a  colored  derivative  appears. 
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which  demonstrates  that  a  compound  of  the  general  form  R-CH : 
=  N-R-^;,   (a  Schiff  base)  has  been  formed.   This  is  a  con- 
densation reaction,  which  is  catalysed  by  an  enzyme  independ- 
ently of  the  transaminase  reaction.   Pyruvate  or  SSA  will  re- 
place a-KG  but  the  reaction  occurs  much  more  slowly. 
Similarly  p -alanine,  but  not  glutamic  acid,  will  replace  T-AB 
to  a  lesser  extent.   However^,  SSA  and  glutamate  do  not  react 
together  in  this  fashion.   This  is  a  type  of  reaction  which 
has  been  postulated  in  the  past,  notably  toy  Herbst  as  a 
mechanism  of  transamination^  and  by  Karrer  as  an  intermediate 
in  the  formation  of  octopine   However,  this  appears  to  be  the 
first  direct  demonstration  of  the  enzymatic  formation  of  an 
aliphatic  Schiff  base. 

Significance:   The  area  of  metabolism  described  above  is 
of  undoubted  importance  in  cerebral  metabolism^   The  eluci- 
dation of  these  reactions  is  a  fundamental  necessity  for  an 
understanding  of  the  operation  of  the  neural  mechanism  and  the 
derangements  of  metabolism  which  may  cause  certain  forms  of 
neurological  disease. 

Proposed  course  of  project:   The  work  on  the  character- 
ization of  the  transaminase  will  be  extended  to  investigate  the 
mechanism  of  action  of  certain  inhibitory  substances. 

The  investigation  of  the  further  reaction(s)  of  succinic 
semialdehyde  is  just  beginning„   The  nature  of  the  products 
must  be  determined  and  also  the  piature  of  the  other  participants 
in  the  reaction. 

The  exact  structure  of  the  Schiff  base  formed  from  y-AB 

and  a-KG  is  currently  under  study „   The  possible  further 
transformation  of  the  Schiff  base  and  the  pharmacological 
activity  of  such  compounds  must  be  explored  in  the  light  of 
the  known  neuropharmacological  effects  of 'y=AB<, 
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Part  A, 


Project  Title:     The  secretory  product  of  the  neuroh3TpophysiSo 

Principal  Investigator:    R„  Wo  Albers 

Other  Investigators:         M.  W„  Brightman 

Cooperating  Units:  None 

Man  Years  (calendar  year  1957): 
Total:  „50 

Professional:       ,20 
Other:  ,30 

Project  Description: 

Objectives:   To  resolve  the  question  of  the  relationship 
between  the  polypeptide  hormones  and  the  neurosecretory  material 
of  the  neurohj^pophysis. 

Methods  employed:   Frozen-dried  tissue  sections  (Lowry 
technique);  bioassay  of  antidiuretic  activity  by  a  modification 
of  the  method  of  Dicker  and  Tyler  o 

Major  findings:   More  than  40%  of  the  non- lipid  material 
of  lyophilized  rat  neurohypophyses  is  soluble  in  50%  ethanol  - 
1%  acetic  acid  (v/v).   Glands  from  rats  subjected  to  chronic 
water  restriction  contain  about  half  as  much  material  soluble 
in  this  solvents   The  material  which  disappears  during  water 
restriction  is  confined  to  a  fraction  which  is  insoluble  in 
acidified  85%  ethanol  but  soluble  in  acidified  75%  ethanol, 
and  accounts  for  nearly  all  of  this  fraction.   The  antidiuretic 
activity  of  the  gland  is  also  confined  to  this  fraction  and  dis- 
appears from  the  gland  along  with  this  fraction. 

Significance:   The  data  obtained  in  this  study  constitutes 
strong  evidence  in  favor  of  the  hypothesis  that  the  polypeptide 
hormone,  vasopressin,  is  secreted  from  the  neurohypophysis  in 
the  form  of  a  peptide -protein  complex.   This  evidence  taken 
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Part  A  Project  Description  (cont'd) 

together  with  other  studies  lend  support  to  the  view  that 
oxytocin  and  vasopressin  are  always  secreted  simultaneously 
and  in  combination  with  the  same  protein.   Elucidation  of 
the  fact-ors  involved  in  the  secretion  of  neurohypophysial 
hormones  Is  of  clinical  importance  in  relation  to  both 
diabetes  insipidus  and  eclampsia. 

Proposed  course  of  project:   The  major  part  of  the 
project  has  been  completed  and  the  work  is  in  manuscript » 
One  important  point  which  remains  to  be  demonstrated  is  the 
correlation  of  oxytocic  activity  with  the  amount  of  carrier 
protein.   At  present  this  point  presents  great  technical 
difficulty  because  of  the  insensitivity  of  the  bioassay  methods 
Consequently  work  on  this  point  is  not  contemplated  in  the  near 
future. 
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PHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 

Part  B:   Honors ^  Awards,  acid  Publications 

Publications  other  than  abstracts  from  this  project: 

AlberSj  R.  W. :   A  major  component  of  neurohypophysial 

tissue  associated  with  antidiuretic  activity, 
Jour,  of  Neurochem.  (in  press)  1958. 


Honors  and  Awards  relating  to  this  project:    None 
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Project  Title:   Quantitative  histochemical  distribution  of 

glutamic  decarboxylase  in  the  nervous  system. 

Principal  Investigator-   R,  W.  Albers 

Other  Investigators:     R.  0„  Brady 

Cooperating  Units  :      Laboratory  of  Neurochemistry^  NINDB 

Man  Years  (calendar  year  1957) : 
Total:        .60 
Professional =  .25 
Other:         .35 

Project  Description: 

Objectives:   To  determine  the  neuroanatomical  localization 
of  glutamic  decarboxylase  in  the  nervous  system. 

Methods  employed:   Liquid  scintillation  counting;  Lowry 
ultramicroanalytical  techniques. 

Major  findings:   The  distribution  of  glutamic  decarboxylase 
has  been  determined  in  gross  areas  of  the  central  nervous  system 
and  at  the  histological  level  in  several  areas  of  the  brain  and 
spinal  cord  of  the  rhesus  monkey.   The  enzyme  is  virtually  absent 
in  all  areas  of  white  matter,  and  in  the  neurohypophysis  and 
pineal  gland..   It  is  relatively  high  in  certain  histological  areas 
of  the  grey  matter  and  quite  low  in  others. 

Significance:   Neuropharmacological  studies  have  indicated 
that  gamma-amino  butyrate  is  a  powerful  inhibitor  of  synaptic 
transmission.   Since  large  amounts  of  gamma-amino  butyrate  and 
y -AB  decarboxylase  are  found  uniquely  in  the  central  nervous 
system,  the  more  precise  localization  of  this  distribution  is  of 
fundamental  importance  in  establishing  the  physiological  role  of 
this  system. 
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Proposed  cdurse  of  project;   The  nvunber  of  animals  and  the 
areas  studied  will  be  extended. 

The  comparative  distribution  of  the  gamma-aminobutyrate 
transaminase  will  ba  studied  in  the  light  of  current  neurophysio- 
logical  postulates  concerning  the  possible  role  of  gamma-amino 
butyrate  in  synaptic  transmission. 
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Part  A. 


Project  Title:   Micro-radiometric  measurement  of  decarboxylase 
reactions. 

Principal  Investigator:   R.  W,  Albers 

Other  Investigators:      R.  O,  Brady 

Cooperating  Units:       Laboratory  of  Neurochemistryj,  NINDB 

Man  Years  (calendar  year  1957) : 
Total:         .60 
Professional:   .  25 
Other:         .  35 

Project  Description: 

Objectives:   To  devise  a  method  which  will  permit  the 
measurement  of  carbon  dioxide  produced  by  enzymes  in  samples  of 
tissue  weighing  ten  micrograms  or  less. 

Methods  employed:   Ultra-micro  analytical  techniques  of  the 
Lowry  type;  liquid  scintillation  counting. 

Major  findings:   A  radiometric  method  for  the  measurement 
of  glutamic  decarboxylase  activity  in  brain  tissue  has  been 
developed  and  applied  to  samples  of  brain  tissue  weighing  as 
little  as  3  micrograms. 

Significance:   The  method  permits  quantitative  histochemical 
studies  of  decarboxylases.   An  enumeration  of  the  decarboxylating 
reactions  and  their  products  serves  to  illustrate  the  importance 
of  a  study  of  decarboxylating  enzymes  with  respect  to  neurological 
diseases: 

Glutamic  decarboxylase  produces  y-amino  butyric  acid; 
histidine  decarboxylase  produces  histamine; 
5-hydroxy  tryptophane  decarboxylase  produces  serotonin; 
3,5-dihydroxyphenylalanine  decarboxylase  produces  a  precursor  of 
non-epinephr ine , 
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The  underlying  specificity  of  the  method  may  allow  its 
application  to  macro-analysis  of  samples  of  bloody  etc.,  where 
other  methods  are  different  to  apply. 

Proposed  course  of  project:   The  principle  of  the  method 
has  been  established  for  glutamic  decarboxylase  and  may  be  of 
equal  value  in  other  similar  reactions.   The  method  is  currently 
being  prepared  for  publication. 
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Part  A. 


Project  Title:   A  fluorimetric  micromethod  for  the  determina- 
tion of  succinic  semialdehyde. 

Principal  Investigator:   R,  W.  Albers 

Other  Investigators:     R.  Salvador 

Cooperating  Units:       Laboratory  of  Neurochemistry,  NINDB 

Man  Years  (calendar  year  1957) : 
Total:  .60 

Professional:     .25 
Other:  ,35 

Project  Description: 

Objectives:   To  develop  a  sensitive  method  to  permit  the 
measurement  of  succinic  semialdehyde  (SSA)  in  tissue  samples  of 
10  micrograms  or  less. 

Methods  employed:   Fluorimetric^  ultramicro-analytical  and 
related  techniques. 

Major  findings:   SSA  may  be  measured  by  means  of  the 
fluorescence  of  a  derivative  formed  by  reaction  with  diamino- 
benzoic  acid.   The  sensitivity  of  the  method  is  adequate  and 
the  method  can  be  applied  to  the  measurement  of  the  gamma-amino- 
butyrate  transaminase  activity  of  brain  tissue. 

Significance:   The  development  of  this  method  was  a  re- 
quirement  for  an  adequate  study  of  the  metabolism  of  gamma- 
aminobutyrate.   Further  development  of  the  ultramicro  method 
will  permit  an  investigation  of  the  possible  association  of 
gamma-aminobutyrate  transaminase  with  certain  neuroanatomical 
structures^  and  thus  to  an  interpretation  of  the  physiological 
role  of  gamma-aminobutyrate. 
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Proposed  course  of  project;   Some  techMcal  work  remains 
to  be  done  in  order  to  adopt  the  method  to  very  small  samples. 
Upon  completion  of  this  work,  a  quantitative  tlstochemical  study 
of  the  distribution  of  this  enzyme  in  various  parts  of  the  brain 
will  be  initiated. 
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Part  A. 


Project  Title:   A  fluorimetric  micromethod  for  the  determina- 
tion of  succinic  semialdehyde. 

Principal  Investigator:   R,  W.  Albers 

Other  Investigators:     R,  Salvador 

Cooperating  Units:       Laboratory  of  Neurochemistry,  NINDB 

Man  Years  (calendar  year  1957) i 
Total:  .60 

Professional:     .25 
Other:  .35 

Project  Description: 

Objectives:   To  develop  a  sensitive  method  to  permit  the 
measurement  of  succinic  semialdehyde  (SSA)  in  tissue  samples  of 
10  micrograms  or  less. 

Methods  employed:   Fluorimetric,  ultramicro-analytical  and 
related  techniques. 

Major  findings;   SSA  may  be  measured  by  means  of  the 
fluorescence  of  a  derivative  formed  by  reaction  with  diamino- 
benzoic  acid.   The  sensitivity  of  the  method  is  adequate  and 
the  method  can  be  applied  to  the  measurement  of  the  gamma-amino- 
butyrate  transaminase  activity  of  brain  tissue. 

Significance:   The  development  of  this  method  was  a  re- 
quirement  for  an  adequate  study  of  the  metabolism  of  gamma- 
aminobutyrate.   Further  development  of  the  ultramicro  method 
will  permit  an  investigation  of  the  possible  association  of 
gamma-aminobutyrate  transaminase  with  certain  neuroanatomical 
structures.,  and  thus  to  an  interpretation  of  the  physiological 
role  of  gamma-aminobutyrate „ 
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Proposed  course  of  project;   Some  techt^ical  work  remains 
to  be  done  in  order  to  adopt  the  method  to  very  small  samples. 
Upon  completion  of  this  work,  a  quantitative  bistochemical  study 
of  the  distribution  of  this  enzyme  in  various  parts  of  the  brain 
will  be  initiated. 
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Project  Title:   The  effect  of  age  on  the  bouton  population 
of  neurons  in  the  rat. 

Principal  Investigator:   Milton  W,  Brightman 

Other  Investigators:      None 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957) : 
Total:         o40 
Professional:  -15 
Other.         .25 

Project  Description; 

Objectives:   To  ascertain  the  effects  of  age  on  the 
morpholog^y  and  number  q£  boutons  terminaux  within  the  central 
nervous  system  of  the  rat„ 

Methods  employed:  The  brains  and  spinal  cords  of  4  young 
adult~and  4  old~T2  years)  rats  of  both  sexes  were  treated  with 
the  Rasmussen  silver  impregnation  technique  for  the  demonstration 
of  boutons.   The  slides  were  coded  and  camera  lucida  drawings 
made  of  20  lower  motor  neurons  and  20  neurons  from  the  reticular 
formation.   The  boutons  around  the  perimeter  of  each  of  the  cells 
were  counted  on  4  different  occasions. 

Major  findings-   (1)  Preliminary  counts  indicate  that 
there  is  no  appreciable  difference  between  the  number  of  boutons 
per  unit  length  of  cell  surface  in  old  and  young  rats  of  either 
sex.   (2)  The  average  size  of  the  boutons  endings  on  cells  of 
the  reticular  formation  is  similar  to  those  on  the  ventral  horn 
cell. 

Significance:   The  complete  or  near-complete  demonstration 
of  boutons  by  this  new  method  provides  reliable  information  on 
their  distribution  and  number  in  the  central  nervous  system. 


f 


I 
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From  the  counts  made  to  date,  it  appears  that  the  process 
of  aging  has  .10  appreciable  effect  on  the  bouton  population 
in  these  regions  of  the  brain  and  cord. 

Propose^',  course  of  project:   The  completion  of  the 
analysis  of  ~Ue  results. 


Part  B  included:   No 
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Part  A. 


Project  Title:   Chloral  hydrate  anesthesia  in  the  rat. 

Principal  Investigator:   Milton  W.  Brightman 

Other  Investigators;     None 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957) : 
Total:  o40 

Professional:      .15 
Other:  .25 

Project  Description: 

Objectives:   To  find  a  safe,  stable,  general  anesthetic 
for  the  rat. 

Methods  employed:   Male  and  female  rats  of  2  different 

strains  were  anesthetized  toy  the  intraperitoneal  and  intravenous 
injection  of  various  concentrations  of  aqueous  chloral  hydrate 
solutions  which  were  allowed  to  stand  at  room  temperature   for 
long  periods  of  time  (about  1  year) .   During  anesthesia  con= 
tinuous  records  of  colonic  temperature  and  of  arterial  blood 
pressure  were  made. 

Major  findings:  (1)  The  short  induction  period  and  duration 
.(about  1  hour)  were  the  same  with  old  as  with  freshly  prepared 
solutions,   (2)   No  bacteria  were  present  in  cul*tures  from  old, 
contaminated  preparations,   (3)  The  fall  in  blood=pressure 

(25  mm,  Hg)  and  in  colonic  temperature  were  the  same  after 
administration  of  either  old  or  fresh  solutions,   (4)  The 
mortality  rate  was  low. 

Significance:   Chloral  hydrate  is  a  reliable  and 
pharmacologically  stable,  general  anesthetic  for  the  rat. 

Large  stock  solutions,  months  old,  are  in  use  without  re- 
frigeration in  the  laboratory. 
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Proposed  course  of  project;   This  work  is  being  prepared 
for  publication. 


Part  B  included:    No 
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Part  A. 


Project  Title:   X-irradiation  of  the  base  of  the  rat  brain. 

Principal  Investigator:   Milton  W.  Brightman 

Other  Investigators:     None 

Cooperating  Units:       National  Cancer  Institute 

Man  Years  (calendar  year  1957) ; 
Total:  .40 

Professional:    .15 
Other:  .25 

Project  Description: 

Objectives:   To  determine  whether  increased  metabolic 
activity  of  neuroendocrine  cells  enhance  their  susceptibility 
to  x-irradiation,  and  the  primary  effects  of  irradiation  on 
brain  tissue. 

Methods  employed:   The  diencephalon  of  hydrated  and  de- 
hydrated rats  were  exposed  to  high  doses  of  220  KV  x-rays. 
The  leucocyte  count,  water  intake  and  urine  output  were  followed 
for  various  periods  after  the  exposure.   The  brains  were  examined 
with  a  variety  of  histochemical  methods. 

Major  findings:   (1)  Osmotic  stimulation  of  the  neuro- 
secretory nuclei  did  not  render  them  more  susceptible  to  damage 
by  the  irradiation,   (2)  Irradiation  injury  to  the  hypothalamus 
and  part-;d»f tthe  mesencephalon  had  no  effect  on  the  number  of 
circulating  leucocytes  or  on  the  structure  of  the  spleen,   (3) 
The  earliest  changes  in  the  brain  were  vascular.   Characteristic 
globular  masses,  apparently  derived  from  injured  vessel  walls, 
have  been  characterized^  in  part^  histochemicallyj,   Glial  and 
neuronal  elements  (including  boutons)  were  relatively  refractory. 

Significance:  Increased  metabolic  activity  of  neuro- 
endocrine cells  does  not  heighten  their  susceptibility  to 


m 
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Part  A  Project  Description  (cont'd.) 

x-irradiation  damage.   It  is  suggested  that  the  characteristic, 
recurrent  globular  masses  may  be  indicative  of  acute  changes 
in  the  brain,  as  a  result  of  x-irradiation. 

Proposed  course  of  project;   Publication  of  the  completed 
project. 


Part  B  included:   No 
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ft 
Project   Title:      VasfAilar   supjply  of   the  spinal   cord  of 

the»^^cat . 

I 
Principal  Invest i ga'f or :   Milton  W.  Brightman 

Other  Invest igatoi#:     None 

Cooperating  Unitsf'       Nonfb 

■i  V 

Man  Years  (calendar  year  1957) | 
Total;  .40       ^ 

Professional:      .15 
Other:  .25 

Project  Description: 

Objectives:    To  deterrai^ie  the  extrinsic  and  intrinsic 
vascular  supply  of  the  spina|*  cord  of  the  cat . 

Methods  employed :   A  sii^Dlified  india-inlc-gelatin- 
formalin  perfusion  technique  lias  been  used  to  inject  the 
entire  vascular  bed.   Dif fer<j|itiation  between  arteries  and 
veins  v/as  made  with  2  method^:   (a)  gelatin-corn  starch 
medium  developed  with  iodine i|  (b)  cinnabar  injection  following 
the  introduction  of  india-in||-gelatin. 

Major  findings:   (1)  Th^e  is  free  anastomosis  betv;een 
dorsal  and  ventral  trunks  o  ,^'2)   No  great  radicular  artery  is 
present,  but  a  large  radicu^^^ar  vein  is  consistently  found. 
(3)  The  corapiratively  highly  vascularized  dura  mater  is  in 
stri'.ing  contrast  to  that  of  other  species.   (4)  There  is  a 
characteristic  intersegmental  and  a  dorso-ventral  polarity 
which  remaiits  disrupted  many  months  after  cord  transection. 

Significance:   The  radicular  vessels  v/ith  their 
anastomosing  tributaries  and  the  extensive  venous  drainage 
of  the  dxra  mater  are  outstanding  anatomical  features.   Months 
after  cord  transection,  the  vascular  pattern  remains  disrupted, 
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Proposed  course  of  project:   Measurements  of  the 
intrinsic  vasculature  have  been  completed  and  analyzed 
and  the  material  is  being  prepared  for  publication. 


Part  B  included:   No, 


Serial  No.   NI-NB^NA-28 

1 .  Neuroanatomical  Sciences 

2.  Section  on  Neurocytology 

3.  Bethesda,  Maryland 

4.  Same  as  MINDB-NA-15 
PHS-NIH 


Individual  Project  Report 
Calendar  Year  1957 


Part  A. 


Project  Title;   Relationship  between  neurosecretion  and  milk 
ejection. 

Principal  Investigator:   Milton  W,  Brightman 

Other  Investigators:     None 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957): 
Total:  .40 

Professional:     .15 
Other:  o25 

Project  Description: 

Objectives:   To  determine  whether  a  depletion  of  neuro- 
secretory material  occurs  concomitantly  with  release  of  oxytocin 
from  the  hypothalamus  and  neurohypophysis  in  response  to  various 
stimuli. 

i  Methods  employed:   About  175  female  mice  were  divided  into 

seyeral  groups:  (a')  virgin  diestrous,  (b)  pregnant,  (c)  parturient, 
(d)  females  permitted  to  nurse  their  litters  for  periods  ranging 
from  5  to  120  minptes,  (e)  nursing  females  presented  with  litters 
rendered  lifcapable  of  sucklilig. 

The  brains  and  pituitary  glands  were  stained  with  chrome- 
alum  hematoxylin,  coded  and  graded  according  to  the  amount  of 
stainable  material  present. 

Major  findings:   There  was  no  demonstrable  change  in  content 
of  neurosecretory  granules  in  the  cells  of  the  paraventricular 
and  supraoptic  nuclei,  median  eminence  or  pituitary  stalk  in  any 
of  the  groups.   The  majority  of  the  cells  were  only  sparsely 
granular . 
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Part  A  Project  Description  (cont'd). 

The  stimuli  of  sucklingrarid  of  behavior  associated  with 
suckling  (group  e)  resulted  in  a  statistically  significant 
depletion  of  neurosecretory  material  from  the  infundibular 
process. 

Significance:   In  addition  to  osmotic  stimuli,  the  act 
of  suckling  results  in  a  release  of  hormone  and  of  stainable 
material,  from  the  infundibular  process. 

The  site  of  synthesis  of  hormone  and  of  neurosecretory 
material  (the  cells  of  the  hypothalamus)  do  not  show  any  change 
in  granularity.   Thus,  in  addition  to  osmotic  stimuli,  the 
neurogenic  stimulus  of  suckling  resulted  in  a  release  of 
neurosecretory  material  from  the  posterior  lobe  of  nursing 
female  mice. 

Proposed  course  of  project:   Results  are  being  prepared 
for  publication. 

The  part  of  the  project  on  effect  of  exogenous  circulating 
hormone  on  the  level  of  endogenous  secretion  has  been  dis- 
continued because  of  the  negative  results  of  preliminary 
experiments. 


Part  B  included:   No 


Serial  No„   I^IIifDB-NA-29 


1 ,  Neuroanatomical  Sciences 

2.  Section  on  Neurocytology 

3,  Bethesda^  Maryland 

4.  Same  as  NINDB-NA-13 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 


Part  A, 


Project  Title:   Species  differences  in  cholinest erase  activity 
of  the  central  nervous  system. 

Principal  Investigator:   Milton  W.  Brightman 

Other  Investigators:     R,  W.  Albers 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957): 
Total :  , 50 

Professional:    .25 
Other:  .25 

Project  Description: 

Objectives:   To  investigate  the  sites  of  pseudo- 
cholinesterase  (PChE)  activity  in  different  species o 

Methods  employed:   The  Koelle  histochemical  method  for 
cholinesterases , 


lor  findings:   (1)  The  perikarya  of  neurosecretory 
neurons  have  true  cholinesterase  activity  whereas  their  endings 
in  the  pars  nervosa  do  not.   (2)  PChE  activity  occurs  in  the 
glial  cells  of  the  cat  spinal  cord  whereas  in  the  spinal  cord 
and  brain  of  the  rat  activity  is  confined  to  the  vascular 
endothelium o   The  investigation  has  been  extended  to  the  toad 
and  fisho 

Significance ;   The  localization  of  PChE  activity  in 
endothelium  or  glia  may  have  bearing  on  the  locus  (or  loci)  and 
functions  of  the  blood-brain  barrier »   This  study  has  suggested 
a  possible  approach  to  the  problem  of  myelogenesis  and  demyelini- 
zation. 

Proposed  course  of  project:   To  repeat  the  findings  on 
the  fish  and  toad  and  to  prepare  for  publication „ 

Part  B  included:   No 


Serial  No.   IiIIia)B-NA-29 


1 ,  Neuroanatomical  Sciences 

2.  Section  on  Neurocytology 

3,  Bethesda^  Maryland 

4.  Same  as  NINDB-NA-13 
PHS-NIH 


Individual  Project  Report 
Calendar  Year  1957 


Part  A, 


Project  Title:   Species  differences  in  cholinesterase  activity 
of  the  central  nervous  system„ 

Principal  Investigator:   Milton  W.  Brightman 

Other  Investigators:     R.,  W.  Albers 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957): 
Total :  =  50 

Professional:    .25 
Other:  .25 

Project  Description: 

Objectives:   To  investigate  the  sites  of  pseudo- 
cholinesterase  (PChE)  activity  in  different  species. 

Methods  employed:   The  Koelle  histochemical  method  for 
cholinesterases . 


jor  findings:   (1)  The  perikarya  of  neurosecretory 
neurons  have  true  cholinesterase  activity  whereas  their  endings 
in  the  pars  nervosa  do  not,   (2)  PChE  activity  occurs  in  the 
glial  cells  of  the  cat  spinal  cord  whereas  in  the  spinal  cord 
and  brain  of  the  rat  activity  is  confined  to  the  vascular 
endothelium.   The  investigation  has  been  extended  to  the  toad 
and  fish. 

Significance;   The  localization  of  PChE  activity  in 
endothelium  or  glia  may  have  bearing  on  the  locus  (or  loci)  and 
functions  of  the  blood-brain  barrier.   This  study  has  suggested 
a  possible  approach  to  the  problem  of  myelogenesis  and  demyelini- 
zation. 

Proposed  course  of  project:   To  repeat  the  findings  on 
the  fish  and  toad  and  to  prepare  for  publication. 

Part  B  included:   No 


Serial  No.  NINDB-NA-30 

1 .  Neuroanatomical  Sciences 

2.  Section  on  Experimental 

Neuropathology 

3.  Bethesda^  Maryland 

4.  Same   as  NINDB>"NA-18 


PHS-NIH 
Individual  Project  Report 
Calendar  Year  1957 


Part  A 


Project  Title:  Pathogenetical  factors  in  the  development 
of  myelopathies 

Principal  Investigator:   Jan  Cammermeyer 

Other  Investigators:     Helen  Ramsey 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957) : 
Total:  1.35 

Professional:  .60 

Other:  .75 

Project  Description: 

Objectives :   (a)  To  obtain  information  about  the  hist- 
ological and  physical  qualities jof  the  spinal  cord  which  are 

significant  to  maintain  tissue  tension  and  proper  blood  cir- 
culation «   (to)  To  determine  the  extent  of  abnormality  in 
histological  and  physical  qualities  necessary  to  interfere 
with  spinal  cord  function. 

Methods  employed :   To  measure  the  volume  of  spinal 
cord  regions  in  rabbity,  cat,  dog,  and  monkey. 

To  employ  histological  techniques  with  minimum  of  art- 
ifacts and  special  ones  for  microincineration,  histochemical 
studies  and  demonstration  of  vascular  permeability.   To 
measure  the  size  of  neurons  and  glia. 

Major  findings:   In  continuance  of  findings  in  preceding 
progress  report : 

(a)  Procedures  were  developed  to  estimate  whether  the 
size  of  the  spinal  cord  and  its  regions  is  within  normal 
range  or  abnormal .  • 
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Part  A  Project  Description  (cont'd.) 

(b)  Another  procedure  was  adopted  to  predict  the  size 

that  the  normal  spinal  cord  will  reach  after  full  maturation 
of  the  host  organism. 

(c)  The  size  of  the  spinal  cord  is  a  fuactioa  of  gen- 
eral body  development  which  depends  on  the  age  of  the  animal . 

(d)  The  planning  of  a  laboratory  arid  training  of  tech- 
nicians; after  the  control  of  every  step  of  histological 
preparations.   The  preparation  of  tissues  has  now  become 
standardized. 

(e)  Certain  artificial  cell  changes  were  found  to  be 
avoided  by  slight  modifications  of  conventional  histological 
procedures » 

Significance ;   These  studies  have  demonstrated  that  the 
bulk  of  tissue  of  the  spinal  cord  varies  with  age^  a  knowledge 
of  these  changes  is  significant  for  an  understanding  of 
changes  that  occur  in  experiments  on  the  spinal  cord.   Further 
studies  of  the  factors  involved  may  prove  helpful  in  an  attempt 
to  elucidate  the  mechanism  of  transient  spinal  cord  symptoms, 
the  ascending  and  descending  symptomatology,  the  frequent 
complication  of  the  spinal  cord  to  other  diseases  as  concussion, 
eclampsia,  the  severe  changes  superimposed  on  such  conditions 
as  demyelinating  and  viral  myelopathies,  the  insidious  for- 
mation of  gliosis  and  the  formation  of  cavities  through  the 
spisal  cord,  etc. 

Proposed  course  of  project:   (1)  Continued  volumetric 
studies  of  spinal  cord  with  emphasis  on  age  differences  and 
significance  of  seasonal  variations.   (2)  To  study  the  effect 
on  the  spinal  cords  of  animals  subjected  to  chemotherapy 
(animals  provided  by  the  Biochemical  Pharmacology  Section, 
Laboratory  of  Chemical  Pharmacology  —  Project  NCI  254,  1956) , 
(3)  To  study  origin  of  spinal  cord  pathology  in  animals 
suffering  from  hereditary  anomaly  of  the  blood  composition 
(animals  provided  by  the  NIH) .   (4)  To  analyse  animal  material 
of  a  project  dealing  with  the  effect  of  chronic  tranquilization. 
(5)  Continued  volumetric  studies  of  spinal  cords  after  exposure 
of  animals  to  trauma,  x-irradiation,  vascular  embolization  and 
thrombosis,  sero-immunological  experiments  and  conditions  of 
altered  oxygen  tension.   (6)  The  use  of  histochemical  techniques 
for  the  clarification  of  the  nature  of  tissue  changes  and  a 
comparison  between  them  and  those  known  to  occur  in  the  brain. 
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PartA  Project  Description  (cont'd.) 

(7)  The  histological  preparation  of  material  already  ob- 
tained from  animals  of  different  age^  animals  treated  with 
barbiturates  and  chemo therapeutics. 


Part  B  included  t        Yes 


Serial  No.  NINDB-NA-30 

PHS-NIH 
Individual  Project  Report 
Calendar  Year  1957 

Part  B;   Honors,  Awards ,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Cammermeyer ,  Jan  and  Wo  Haymaker:   Histological 
distribution  of  alkaline  glycerophos- 
phatase  in  the  macaque  brain  following 
'  cobalt  60  irradiation.   J.  Neuropath, 

(in  press)  Jan.  1958.   ~ 

Cammermeyer,  Jan:   Discussion  on  factors  influencing 
the  size  of  glia  nuclei  in  histological 
material  and  difficulties  in  Interpreting 
Neuropathology  of  Neuroglia  Cells. 

In  Biology  of  Neuroglia,  W.  F.  Windle, 
Editor,  Charles  C  Thomas,  Springfield, 
111.  (in  press)  1957. 

Cammermeyer,  Jan:   Neuropathology  of  asphyxia  neo-' 
natorum.   In  Neurological  and  Psycholog- 
ical Deficits  of  Asphyxia  Neonatorum, 
W.  F.  Windle,  Editor,  Charles  C  Thomas, 
Springfield,  111.  (in  press)  1958. 

Cammermeyer,  Jan:   Discussion  oh  factors  influencing 
size  of  C.  N.  S.  and  the  specificity  of 
changes  involved  in  aging.   In  The  Process 
of  Aging  in  the  Nervous  System^   Edited  by 
J.  E.  Birren,  H.  A.  Imus  and  W.'  F.  Windle, 
Charles  C  Thomas,  Springfield,  111. 
(in  press)  1958.   (Manuscript  submitted.) 

Honors  and  Awards  relating  to  this  project: 


Serial  No.  NiNDB-NA-31 


1.  Neuroanatomical  Sciences 

2.  Section  on  Experimental 

Neuropathology 

3.  Bethesda^  Maryland 

4.  Same  as  \HIi\TBB-NA-19 
PHS-NIH 


Individual  Project  Report 
Calendar  Year  1957 


Part  A, 


I 


Project  Title:   Factors  involved  in  the  formation  of  cerebral 
hemorrhages . 

Principal  Investigator:   Jan  Cammermeyer 

Other  Investigators:     Helen  Ramsey 

Cooperating  Units:       None 

Man  Years   (calendar  year  1957) : 
Total:  1,30 

Professional:     .60 
Other :  .70 

Project  Description: 

Obj  ect  Ives  i:^"  Tot  determine  the  ways  in  which  petechial 
hemorrhages  occur  in  the  brain. 

Methods  employed:   Histological  methods  to  examine  the 
characteristics  of  hemorrhages  following  experimental  em- 
bolism and  thrombosis  in  rat,  rabbit,  guinea  pig,  cat,  dog, 
and  monkey.   Conventional  staining  procedures  to  study 
appearance  of  neurons,  neuroglia,  vessels,  and  blood.   These 
studies  will  be  supplemented  by  physiological  studies  of 
hemodynamic  properties  of  blood  circulation. 

Major  findings;   The  preparation  of  histological  mat- 
erial is  completed;  few  scattered  foci  of  necrosis  and  rare 
hemorrhages  were  encountered. 

Significance :   The  analysis  of  the  material  collected 
should  provide  a  basis  to  determine  species  and  age  variation 
in  the  reaction  of  tissue  to  emboli, sat  ion  and  thrombosis. 
The  better  understanding  of  sequence  of  charAges  in  the  tissue 
and  occurrence  of  petechial  hemorrhages  in  the  brain,  will  be 
useful  for  a  correct  evaluation  of  changes  occurring  in  man 
following  cerebral  infarction = 
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Part  A  Project  Description  (cont'd.) 

Proposed  course  of  project ;   To  subject  animals  of 
different  species,  age  and  diet aryycondit ions  to  embolism 
and  thrombosis.   Study  material  by  histological  and  phy- 
siological means. 


Part  B  included i        Yes 


Serial   No.    NINDB-NA-31 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 


Part  B:   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Cammermeyer ,  Jan:   Neuropathology  of  asphyxia 

neonatorum.   In  Neurological  and  Psych- 
ological Deficits  of  Asphyxia  Neonatorum. 
Edited  by  W.  F.  Windle.   Charles  C  Thomas, 
Springfield,  111.  (in  press)  1958. 

Honors  and  Awards  relating  to  this  project: 


I 


Serial  No.  NINDB-NA-32 


1.  Neuroanatomical  Sciences 

2.  Section  on  Experimental 

Neuropathology 

3.  Bethesda^  Maryland 

4.  Same  as  H:IHDB-"NA-20 
PHS-NIH 


Individual  Project  Report 
Calendar  Year  1957 


Part  A. 


Project  Title:   Distribution  of  fat  outside  the  dura  of  the 
spinal  cord  in  mammals . 

Principal  Investigator;   Helen  Ramsey 

Other  Investigators:     None 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957) : 
Total:  1.00 

Professional :     . 50 
Other :  . 50 

Project  Description: 

Objectives :   To  determine  factors  that  permit  movements 
of  the  vertebral  column  with  neither  damage  to  the  spinal 
cord  nor  interference  with  its  blood  circulation. 

Methods  employed:   Animals  were  fed  with  a  fat  soluble 
dye  and  the  bones  were  removed  without  tearing  of  fat,  dura 
and  cord.   The  specimens  were  all  being  photographed  with 
color  to  record  the  distribution  of  f at . 

,  Major  findings:   The  distribution  of  extradural  fat 
shows  considerable  regional  and  individual  variations  as 
examined  in  around  20  adult  cats,  30  kittens,  several  human 
instances,  dogs,  guinea  pigs,  cats  and  monkeys. 

Significance :   A  systematic  review  of  the  distribution 
of  fat  will  be  of  help  for  the , proper  evaluation  of  factors 
that  contributfe  to  the  maintenance  of  pressure  on  the  spinal 
cord  in  normal  and  disease  conditions. 

Proposed  course  of  project:   The  studies  on  cats  and 
other  species  are  being  written  up.  for  publication. 

Part  B  included:   No 


Serial  No.  NINDB-NA-33 


1.  Neuroanatomical  Sciences 

2.  Section  on  Functional 

Neuroanatomy 

3.  Bethesdaj  Maryland 

4.  Same  as -'HlNDB-NA-23 
PHS-NIH 


Individual  Project  Report 
Calendar  Year  1957 


Part  A, 


Project  Title-   A  study  of  the  synapse  in  normal  and 
experimental  animals. 

Principal  Investigator:   Grant  L.  Rasmussen 

Other  Investigators:     None 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957) : 
Total:  ,75 

Professional:    .25 
Other :  .50 

Project  Description: 

Objectives :   The  principal  aim  of  this  study  is  to 
obtain  much  needed  anatomical  knowledge  about  interneur- 
onal  connections  at  the  synaptic  level  in  certain  regions 
of  the  central  nervous  system  and  to  find^  if  possible, 
an  anatomical  basis  for  understanding  the  phenomena  of 
facilitation  and  inhibition. 

Methods  employed;   A  recently  developed  selective 
silver  technique  (Rasmussen,  1957)  is  utilized  to  study 
the  various  type  synapses  in  normal  and  experimental 
animals . 

Major  findings:   The  efficaciousness  of  the  synaptic 
stain  has  been  further  explored  and  tested  on  various  type 
synapses  in  different  regions  of  the  C.  N.  S.   It  has 
proven  to  be  specific  for  demonstration  of  a  'granular 
synaptic  substance'  in  practically  all  endings  in  the 
young  as  well  as  in  the  adult  animal.   The  more  minute 
forms  as  tii-ie  present  in  the  molecular  layer  of  the  cere- 
bellar cortex  are  clearly  revealed  as  iix:t  the  immature 
synapses  of  new  born  animals;  these  have  not  been  demon- 
strable by  the  classical  silver  or  other  techniques.   The 
clarity  and  completeness  of  staining  is  a  virtue  taken 
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Part  A  Project  Description  (cont'd.) 

advan,tage  of  iE  the  present  study  of  inter  neuronal  relation- 
ships by  the  experimental  method  of  Walleriaa  degeneration. 
Disappearance  of  the  synapses  related  to  neurons  damaged  can 
be  noted  and  the  relative  number  of  synaptic  connections  play- 
ing upon  a  single  nerve  cell  that  originates  from  different 
anatomical  and  functional  sources  may  be  determined.   Accord- 
ingly a  study  of  the  recurrent  or  'feed  back'  auditory  con- 
nections has  given  rewarding  results.   One  interesting  observ- 
ation is  that  the  dorsal  cochlear  nucleus  unlike  the  ventral 
nucleus  receives  principally  short  and  long  efferent  connec- 
tions from  different  sources  of  the  C  N.  S.   The  dorsal 
cochlear  nucleus^  contrary  to  current  teaching^  receives 
relatively  few  synaptic  connections  of  the  cochlear  nerve = 

A  study  of  the  developing  terminals  in  the  young  animal 
(a  problem  suggested  by  Dr.  Windle)  show  that  synapses  make  ; 
their  appearance  much  earlier  than  previously  noted;  a  finding 
which  correlates  more  nearly  with  kitten  behavior  studies  of 
Windle  (1930) .      Ramon  y  Cajal  concluded  that  the  bulb  like 
synapses  were  late  formations  appearing  only  sporadically 
between  the  first  and  second  month  while  Windle  (1930)  could 
see  only  an  occasional  one  in  a  3  week  old  kitten.   The  result 
of  the  present  study  shows  that  synapses  are  already  present 
in  relative  abundance  about  the  cell  body  and  dendrons  of  the 
spinal  cord  motoneurons  in  the  3  day  old  kitten.   At  this 
stage  they  are  uniformly  of  small  size;  the  population  grad- 
ually increases  until  about  the  18th  day.   Hereafter  some  of 
the  terminals  enlarge  approximating  the  adult  appearance  and  by 
the  24th  day  almost  the  entire  surface  of  the  membrane  of  the 
perikaryon  and  dendrons  is  covered  with  synaptic  particles  of 
small ^  medium  and  large  sizes.   Evidently  the  special  synaptic 
substance  that  is  brought  out  so  clearly  by  this  method  serves 
as  a  better  criterion  for  indicating  synaptic  junctions  than 
does  the  classical  neurofibrillar  techniques  which  silver  only 
the  fibrillar  constituent  of  the  synapse.   It  may  well  be  that 
the  granular  neuroplasm^  whether -it  represents-- mitochondria 
and/or  synaptic  vesicles^  is  a  more  characteristic  feature  of 
all  synapses  of  immature  and  adult  forms  than  is  the  neuro- 
fibrillar constituent. 

Significance ;   Concerning  the  new  technique  itself  it  has 
proven  effective  for  revealing  synaptic  connections  not  here- 
tofore possible  by  the  older  classical  methods.   Synaptology  is 
basic  for  gaining  an  understanding  of  how  the  nervous  system 
functions. 
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Proposed  course  of  project;   To  publish  results  obtained 
thus  far  and  to  continue  studies  in  progress  dealing  with  the 
synapse  during  1958.   Considerable  histological  preparations 
need  be  prepared  on  experimental  material. 

Part  B  included;   Yes 


Serial  No.  HlNDB-NA-33 


PHS-NIH 

Individual  Project  Report 

Calendar  Year  1957 


Part  B:   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Rasmussen,  G.  L. :   Selective  silver  impregnation 
of  synaptic  endings.   Chapter  4  in  New 
Research  Techniques  of  Neuroanatomy. 
Wo  F.  Windle,  Editor.   Charles  C  Thomas, 
Springfield,  111.,  1957. 


Serial   No„    HIMiDB-NA-34 

1 .  Neuroanatomical    Sciences 

2.  Section  on  Functional 

Neuroanatomy 

3.  Bethesda,  Maryland 
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Part  A, 


Project  Title:  A  further  study  of  the  auditory  afferent 
and  efferent  systems  including  the  auto- 
nomic innervation  of  the  inner  ear. 

Principal  Investigator:   Grant  L.  Rasmussen 

Other  Investigators:     Richard  Gacek 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957) : 
Total:  .75 

Professional:       .25 
Other :  . 50 

Project  Description: 

Objectives :   To  explore  and  reveal  unknown  anatomical 
neuronal  connections  of  auditory  pathways  in  the  chinchilla, 
cat  and  monkey;  to  learn  something  about  the  anatomical  and 
functional  interrelationships  of  these  two  systems.   To  con- 
tinue the  anatomico-physiological  study  of  the  autonomic 
innervation  of  the  inner  ear  about  which  very  little  is 
known . 

Major  findings;   Experimental  studies  on  the  cat  and 
chinchilla  have  disclosed  additional  information  about  both 
the  ascending  and  descending  auditory  circuitry.   Perhaps 
the  most  significant  finding  is  a  heretofore  unknown  direct 
connection  of  the  cochlear  nerve  with  the  cerebellum  clearly 
demonstrated  with  axonal  degeneration  techniques.   The  neur- 
ons concerned  are  associated  with  the  apical  two  turns  of  the 
cochlea,  the  regions  responsive  to  lower  frequencies  of  sound. 
In  both  cat  and  chinchilla  the  bundle  enters  the  cerebellum 
at  the  rostral  end  of  the  cochlear  nucleus  where  it  joins  a 
recurrent  cerebello-cochlear  bundle  discovered  last  year  (1956) 
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Part  A  Project  Description  (cont'd.) 

A  numerical  and  fiber  caliber  analysis  study  of  the 
acoustic  nerve  including  all  branches  of  the  vestibular  of 
commonly  used  laboratory  animals  has  been  extended  beyond 
that  previously  reported  in  the  Anatomical  Record  of  1957 
by  Richard  Gacek  and  G.  L.  Rasmussen.   A  similar  study  in 
the  chinchilla  has  been  undertaken  by  Mr.  Robert  Boord^  a 
post-graduate  student  from  the  University  of  Maryland.   The 
purpose  of  this  work  is  to  serve  as  a  basis  for  experimental 
studies  relative  to  the  determination  of  the  autonomic  in- 
nervation of  the  inner  ear  and  the  possible  presence  of  ef- 
ferent (feed  back)  connection  from  the  medulla  to  the 
equilibratory  receptors. 

Significance ;   Recent  studies  by  physiologists  ind- 
icate that  the  descending  auditory  system  of  fibers  may 
exert  a  regulatory  or  inhibitory  influence  on  the  great 
ascending  system  at  different  nuclear  levels  and  the  cochlea 
itself.   A  better  understanding  of  the  anatomical  connections 
of  the  auditory  circuits  will  furnish  a  basis  for  a  more 
intelligent  design  of  physiological  experimentation  and  for 
interpretation  of  results  leading  to  a  more  exact  knowledge 
of  the  hearing  mechanism. 

Proposed  course  of  project;   To  continue  and  extend 
these~studies  to  other  desirable  laboratory  animals,  namely 
the  chinchilla  which  offers  certain  morphological  features 
ideally  suitable  for  experimentation  upon  the  inner  ear  and 
also  to  the  monkey  whose  auditory  system  more  nearly  sim- 
ulates that  of  man. 


Part  B  included:   No 
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PHS-NIH 
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Calendar  Year  1957 


Part  A. 


Project  Title:   A  correlative  histopathologic  and  genetic 
study  of  the  hearing  mechanism  in  a  strain 
of  congenital  deaf  guinea  pigs. 

Principal  Investigator:   Grant  L.  Rasmussen 

Other  Investigators:     None 

Cooperating  Units:   Dr,  George  Jay^  geneticist  of  the 

Laboratory  Aids  Branchy,  is  responsible 
for  the  breeding  and  study  of  the  in- 
heritance of  deafness.   He  has  supplied 
one  hundred  guinea  pigs  to  this  section 
for  histopathologic  studies. 

Man  Years  (calendar  year  1957) : 
Total:  .70 

Professional:    .20 
Other :  .  50    '   , 

Project  Description: 

Objectives :    (1)  To  determine  the  factors  of  inheritance 
responsible  for  the  hearing  def ect o   Dr.  Jay  is  the  principal 
investigator  of  this  genetic  study.   (2)  The  chief  aim  of  the 
investigator  of  this  section  is  to  find^  if  possible,  the 
underlying  morphological  defect  which  leads  to  regression  of 
the  hearing  mechanism  and  ultimate  deafness. 

Methods  em^ployed :   Serial  sections  of  the  petrous  bones 
and  brain  stems  of  animals  ranging  in  age  from  birth  to  two 
and  one  half  years  are  prepared  by  various  appropriate  techniques 
for  the  study  of  the  different  tissues  and  cytological  elements. 
Myelin  sheath  and  axonal  degeneration  techniques  are  also 
employed  to  determine  the  progress  of  neuronal  degeneration. 
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Major  findings;   The  histological  preparations  and  the 
observations  of  this  large  series  of  animals  are  too  imcomplete 
to  offer  definitive  findings  at  this  time  concerning  the  etiology 
of  this  type  deafness. 

Significance ;   Observations  resulting  from  this  project 
should  help  to  understand  (a)  similar  type  inherited  deafness 
occurring  in  human  and  (b)  the  resultant  progressive  pathological 
changes  that  subsequently  occur  in  all  structures  of  the  cochlea. 

Proposed  course  of  project:   To  complete  the  histological 
preparations  and  the  observations  by  the  end  of  1958  and  to 
report  results.   Histological  preparations  of  60  of  the  100 
animals  in  the  series  have  been  completed o   Dr.  Jay  is  to 
publish  the  results  of  the  genetic  phase  of  this  study. 


Part  B  included i        No 
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Project  Title:  An  experimental  study  of  the  medial  long- 
itudinal fasciculus  of  the  brain  stem  and 
spinal  cord. 

Principal  Investigator:   Leo  C.  Massopust  Jr. 

Other  Investigators:     G.  L.  Rasmussen 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957) : 
Total:  1.00 

Professional:     -50  ■ 

Other:  -50 

Project  Description: 

Objectives :   To  determine  the  origin  and  termination  of 
fibers  in.  the  medial  longitudinal  fasciculus  in  central  ner- 
vous system  with  particular  attention  to  its  termination  on 
cells  of  the  anterior  horn  of  the  spinal  cord. 

Methods  employed :   The  making  of  lesions  at  different 
levels  of  the  medial  longitudinal  fasciculus  and  in  the  var- 
ious nuclei  of  origin  of  its  fibers.   Analysis  of  neuronal 
connections  by  the  use  of  axonal  and  terminal  degeneration 
methods  described  by  Nauta-Gygax  1954. 

Major  findings:   It  was  found  that  the  vestibulo-ocular 
and  ventral  vestibulo-spinal  tracts  are  predominantly  of  contra- 
lateral origin  from  the  medial  and  spinal  vestibular  nuclei. 
This  is  in  substantial  agreement  with  the  prevalent  opinion. 

In  all  cases  where  lesions  involved  the  medial  longitud- 
inal fasciculus  or  the  vestibular  nuclei,  degenerating  fibers 
extended  beyond  the  midbrain  to  terminate  in  the  posterior 
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thalamus  and  particularly  in  the  subthalamus.   This  is  con- 
trary to  the  common  opinion  that  the  medial  longitudinal 
fasciculus  does  not  extend  beyond  the  level  of  the  posterior 
commissure. 

The  caudal  termination  of  the  spinal  component  of  the 
medial  longitudinal  fasciculus  was  the  primary  aim  of  this 
stlidy.   Terminal  degeneration  resulting  from  lesions  of 
various  levels  of  the  medial  longitudinal  fasciculus  was 
found  in  two  different  cell  groups  of  the  anterior  horn  of 
the  spinal  cord^  one^  laminae  8  and  9  and^  two^  laminae  5, 
6  and  7  designated  according  to  the  cell  group  classification 
of  Rexed  1954.   Due  to  the  effective  method  of  Nauta-Gygax 
this  is  the  first  time  these  specific  terminations  were 
demonstrated . 

Significance :   This  study  will  furnish  information  on 
the  termination  of  descending  pathways  from  the  brain  stem 
to  anterior  horn  cells.   It  should  be  of  value  to  those 
neurophysiologists  studying  the  electronic  behavior  of 
anterior  horn  cells  which  are  affected  by  the  termination 
of  descending  pathways  from  the  brain  stem. 

Proposed  course  of  project:   This  project  will  be  tor- 
mina tefd~Tn~'December~T937~;   Two  manuscripts  are  being  pre- 
pared for  publication;  one  dealing  with  the  medial  longitud- 
inal fasciculus  of  the  brain  stem^  the  other  dealing  with  the 
medial  longitudinal  fasciculus  of  the  spinal  cord. 


Part  B  included :   No 
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Project  Title:   Neuronal  connections  and  the  functional 

significance  of  the  interpeduncular  nucleus. 

Principal  Investigator:   Leo  C.  Massopust,  Jr. 

Other  Investigators:     G,  L.  Rasmussen 

Cooperating  Units:       None 

Years  (caler-dar  year  1957)  : 
Total:  1-00 

Professional:         -50 
Other:  -50 

Project  Description: 

Objectives:   (a)  To  determine  the  neuronal  connections 
of  the  intei^peduncular  nucleus^  particularly  the  efferent 
connections  about  which  little  is  known.   (b)  To  determine^ 
if  possible^  the  functional  significance  of  this  nucleus 
which  may  involve  both  visceral  processes  and/or  somatic 
motor  processes. 

Methods  employed:  (a)  Small  electrolytic  lesions  are 
to  be  confined  to  the  interpeduncular  nucleus  itself  in 
order  to  avoid  injury  to  surrounding  structures  which  would 
complicate  interpretation  of  the  results.   This  ventrally 
placed  nucleus  has  ■)iU&-r-et0$-6rs:-~:   been  destroyed  from  a  dorsal 
approach  which  necessarily  destroyed  many  structures  along 
the  electrode  path.   (b)  The  employaieot  of  physiological  tests 
in  both  acute  and  chronic  preparations  to  determine  the 
functional  integrity  of  certain  visceral  mechanisms  by  means 
of  recording  electronically  alterations  in  temperature 
regulatory  ability ;,  vasomotor  changes^,  heart  rate  changes 
and  others.   Further,  any  abnormal  behavior  due  to  destruction 
of  the  nucleus  will  be  studied,   (c)  The  experimental  material 
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will  be  prepared  according  to  certain  axonal  and  terminal 

degeneration  technics  in  order  to  bring  out  the  resmlting 
degeneration. 

Major  findings;   This  is  a  new  project  which  will  be 
activated  before  the  end  of  the  year. 

Significance;   This  project  will  provide  basic 
anatomical  icformation  on  the  efferent  fiber  connections 
of  this  r^ucleus,  a  subject  about  which  little  experimental 
data  exists.   Further ^  it  will  provide  some  knowledge  of 
the  possible  functional  significance  of  this  nucleus. 

Proposed  course  of  project;   It  is  expected  that 
collection  of  all  experimental  data  will  be  completed 

during  1958. 
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Project  Title:   An  anatomico-physiological  study  of  the 

ascending  and  descending  visceral  efferent 
connections  of  the  brain  stem  and  spinal 
cord. 

Principal  Investigator:   Leo  C.  Massopust^  Jr. 

Other  Investigators:     None 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957) : 
Total:         .80 
Professional:   .30 
Other:         .50 

Project  Description: 


stives:  To  determ,ioe  the  neuronal  connections  of 
the  hypothalamus  with  lower  centers  of  the  central  nervous 
system. 

Methods  employed;   (a)  Placement  of  isolated  electrolytic 
lesions  both  stereotaxically  and  visually  in  certain  visceral 
efferent  centers  and  pathways  of  the  brain  stem,  (b)  Employe 

ment  of  axonal  and  terminal  degeneration  technics  to  bring 
out  the  resulting  degenerating  neuronal  connections, 
(c)  Employment  of  physiological  methods  to  test  the  integrity 
of  the  visceral  efferent  fiber  system  by  means  of  measuring 
■and  recording  body  temperature^  skin  temperature^  urine  output 
and  others. 

Major  findings:   This  project  has  been  relatively 
inactive  during  1957,   Pilot  studies  were  made  on  7  cats  with 
lesions  in  the  preoptic  and  anterior  hypothalamic  areas. 
Analysis  of  the  resulting  degeneration  is  incomplete  at  this 
time„ 
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Sigp,:".:£icance:   This  project  will  provide  basic 
anatomical  rlnformation  on  the  central  autonomic  pathways 
about  whict.  practically  nothing  is  known  and  to  elucidate 
something  cf  the  functional  significance  of  some  of  these 
pathways  which  may  be  involved  in  such  mechanisms  as 
temperature  regulation^  fever,  shivering^  panting^  bladder 
controlj,  vasomotor  reactions  and  others. 

Proposed  course  of  project;   To  reactivate  this 
pr o j ect  late  in  1958.         " 


Part  B  included:   No 
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Part  A, 


Project  Title;   An  anatomico-physiological  study  of  the 

ascending  and  descending  visceral  efferent 
connections  of  the  brain  stem  and  spinal 
cord. 

Principal  Investigator:   Leo  C,  Massopust^  Jr. 

Other  Investigators:     None 

Cooperating  Units:       None 

Man  Years  (calendar  year  1957)  : 
Total:         .80 
Professional:   .30 
Other:         .50 

Project  Description: 


stives:  To  determine  the  neuronal  connections  of 
the  hypothalamics  with  lower  centers  of  the  central  nervous 
system. 

Methods  employed:   (a)  Placement  of  isolated  electrolytic 
lesions  both  stereotaxically  and  visually  in  certain  visceral 
efferent  centers  and  pathways  of  the  brain  stem,  (b)  Employ= 

ment  of  axonal  and  terminal  degeneration  technics  to  bring 
out  the  resulting  degenerating  neuronal  connections, 
(c)  Employment  of  physiological  methods  to  test  the  integrity 
of  the  visceral  efferent  fiber  system  by "means  of  measuring 
and  recording  body  temperature^  skin  temperature^  urine  output 
and  others. 

Major  findings:   This  project  has  been  relatively 
inactive  during  1957,   Pilot  studies  were  made  on  7  cats  with 
lesions  in  the  preoptic  and  anterior  hypothalamic  areas. 
Analysis  of  the  resulting  degeneration  is  incomplete  at  this 
time. 
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Sigiii:''.f icance;   This  project  will  provide  basic 
anatomical  :'.nformation  on  the  central  autonomic  pathways 
about  whict  practically  nothing  is  known  and  to  elucidate 
something  of  the  functional  significance  of  some  of  these 
pathways  which  may  be  involved  in  such  mechanisms  as 
temperature  regulation^,  fever,  shivering,  panting,  bladder 
control,  vasomotor  reactions  and  others. 

Proposed  course  of  project;   To  reactivate  this 
pr o j ect  late  in  1958,        ~ 


Part  B  included:   No 


NATIONAL   INSTITUTE   OF  NEUROLOGICAL  DISEASES   AND  BLINDNESS 
Basic  Researclhi  Program 

Laboratory  of  Biophysics 

Estimated  Obligations   for  FY  1958 
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Serial  No,  NINDB=B=1 
PHS-NIH  1.  Lab.  of  Biophysics 

Indi^'dd'ual  Project  Report     2o  — ==— = 

Calendar  Year  19^7       3.  Bethesda^  Md. 

Ii,  Same  as  NINDB=B-1  (1956; 

Part  A«_ 

Project  Titles  Ionics  Permeabilities  of  the  Squid  Giant  Axon  Membrane. 

Principal  Investigators s  Moore^  Jo  We^  Colej  K.  S, 

Other  Investigators  Taylorj,  R,,  E, 

Man  Years s 

Totals  kol 

Professionals  3cii 

Others  .? 

Project  Descriptions 

Objectives s  The  interpretation  of  nerve  function  in  terms  of  fast  ionic 
transports  and  the  elucidation  of  the  structures  and  mechanisms  by 

which  these  transports  are  controlled. 

Methods  Em.ployeds  The  instrumentation  remains  ^  fundament  ally  ^  the  same  as 
that  first  used  at  Woods  Hole  in  19li7  to  measure  directly  the  ion  current 
crossing  the  squid  axon  membraine  between  a  long  axial  electrode  within 
the  axon  and  an  external  concentric  electrode  after  a  controlled  change 
of  potential  difference  across  the  membrane.  Micropipette=calomel  and 
external-calomel  electrodes  have  been  used  for  measurement  of  the 
membrane  potential  and  control  of  the  membrane  current  to  minimize  the 
effect  of  internal  and  external  electrolytic  resistances ^  and  to 
sin^jlify  the  axi-al  electrode  design^  construction  and  operation.  With 
the  use  of  the  chopper=stabiliaed  broad-band  electrometer <,  newly 
developed  by  the  Laboratory^  the  drift  of  membrane  potential  measuring 
equipment  during  an  experiment  has  become  negligible o  Recently  avails 
able  eoiranereial  equipment  of  very  high  sensitivity  and  stability  has 
made_  it  possible  to  record  the  steady=state  potential  vs .  current 
patterns  in  the  neighborhood  of  the  resting  potential  with  a  consider- 


fejor  Findings g  The  analysis  of  records  taken  during  the  19^6  squid 
season  was  neither  as  complete  nor  as  satisfactory  as  desirable  == 
in  part  because  of  instabilities  of  preparations  and  equipment^ 
inadequate  sensitivity  of  an  ion  current  resolving  technique  and 
undetected  toxicities.  These  experiments  and  those  of  the  1957 
season  indicate  that  the  following  conclusions  may  be  justified. 

The  normal  sodium  and  potassium  ion  currents  through  the  membrane 
after  a  sudden  change  of  the  potential  difference  are  determined  much 
more  by  the  values  of  the  initial  and  final  potentials  than  by  the 
difference  between  them*  Hyperpolarization  has  little  or  no  effect  on 
the  steady=state  potassium  currents  or  peak  sodium  currents  in  a  normal 
nervej,  but  in  nerves  with  resting  potentials  below  60  mv.  hyperpolari= 
nation  essentially  restores  the  sodium  currents  to  those  characteristic 
of  a  normal  membrane. 
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serattii'e  changes  produce  not  only  a  Qj^q  of  about  3  in  all  of 
the  time  factors  of  the  potassium  and  spditm  currents  but  also  change 
the  an^litudes  of  the  currents «  The  maximum  conductance  for  each  ion 

at  20®C  is  about  double  that  at  5®Ca 

In  addition  to  confirming  a  preliminary  report  that  the  squid 
axon  action  potential  is  almost  identical  in  artificial  sea  waters 
containing  either  the  normal  sodium  ion  concentration  or  the  same 
concentration  of  lithium  ion^  none  of  the  ion  conductance  character= 
istics  are  changed  by  more  than  twenty  percent  by  this  substitution. 

In  the  continuing  investigations  of  effects  of  external  calcium 
and  magnesium  ionsj,  no  qualitative  differences  between  the  actions  of 
these  ions  on  the  squid  axon  are  to  be  foundo  The  sodium  and  potassium 
conductances  and  the  sodium  inactivation  increase  for  smaller  depolar= 
±ZB.t±OTiS   in  reduced  calcium  than  in  normal  or  increased  calcium.  The 
effects  of  ealcirjti  reduction  on  threshold  are  related  to  the  shift  of 
the  sodium  conductance.  The  effects  of  low  calcium  on  the  potassium 
conductance  and  sodium  inactivation  are  in  the  direction  to  increase 
the  stability  of  the  membrane  5,  and  if  greatly  exaggerated  would 
produce  inexcitability. 

The  principal  effects  of  procaine  are  on  the  sodium  conduction 
system.  The  peak  conductance  is  decreased  and  the  depolarization 

required  to  achieve  it  is  increased  with  but  little  change  in  the 
inactivation  characteristics.  These  factors  tend  to  raise  the 
threshold  for  excitation^  slow  the  rate  of  rise  and  conduction 
velocity  of  the  propagated  impulse  without  immediately  reducing  the 
amplitude-  of  the  spike.  They  suggest  that  procaine  not  only  reduces 
the  number  of  available  paths  for  sodium  but  also  increases  the  diffi= 
culty  of  opening  each  path.  The  smaller  decreases  of  potassium 
conduetance  tend  to  decrease  the  threshold  and  increase  the  amplitude 
and  duratiori  of  the  propagated  action  potential, 

Signifieanee  to  NINDB  Research g  The  recently  developed  concept  and  the 
measurements  of  the  sodium  and  potassium  ion  movements  across  the 
squid  axon  membrane  offer  a  new^  highly  specific j,  and  general  spproach 
to  the  factors  underlying  noimal  and  pathological  nervous  processes 
which  cannot  as  yet  be  investigated  directly  in  higher  animals  and 
man. 

Proposed  Course  of  Projects  The  detailed  and  extensive  analysis  of  the 
present  records  will  be  continued  with  the  objectives  of 
1,  a  reasonably  complete  and  critical  examination  of  the  original 

Hodgkin=HuxLey  formulations  j, 
2o  more  satisfactory  and  objective  techniques  for  the  empirical 

formulations  of  the  membrane  characteristics » 
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3»  the  resolution  of  the  conventional  physiology,  pathology  and 
pharmacology  of  nerve  into  the  ion  permeability  variables^, 

U.  establishing  of  practical  experimental  routines  and  general 
planning  of  further  experimental  workj 

5.  providing  bases  for  theoretical  investigations  of  the 
mechanisms  of  ion  permeabilities. 
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Part  A, 


Project  Titles  Ionic  Permeabilities  of  Nerve  Membranes  =-  Theoretical 
Investigations 

Principal  Investigatorg-s  FitzHugh^  R,j  Moore^  Jo  ¥. 

Other  Investigators?  Antosiewicz^  Ho  Ao  (NBS)^  Franckj  U.  Fo,  Colej  Ko  S, 

Man  Years s 

Totals  lo9 

Professionals  lo7 

Others  o2 

Project  Descriptions 

Objectives  s  Investigate  the  bases ^  consequences  and  extensions  of 
ionic  permeability  concepts  and  information  by  mathematical  analysis 
and  conqjutatlono 

Methods  ^g^lojedi     Mathematical  analysis  by  topological  and  other  formal 
approaches  and  automatic  numerical  computations  Increasing  reliance 
is  being  placed  on  electrojiLc  analog  con^jutation  in  this  Laboratory 
while  the  more  critical  and  extensive  problems  are  investigated  by 
digital  computation  at  the  National  Bureau  of  Standards. 

Major  Findings s  An  error  has  been  discovered  in  the  SEAC  computations 
of  the  Hodgkin=Huxley  (H=H)  mathematical  model  of  the  squid  axon 
membrane o  This  error  was  apparently  in  the  program  for  computing 
certain  transcendental  functions  near  their  singularities j,  but  the 
exact  nature  of  the  error  has  not  been  determined  because  of  the 
inaccessibility  of  the  detailed  computational  processes  in  SEAC  and 
because  SEAfl!  has  been  rebeiitly  withdrawn  from  use  by  customers* 
Re  computations  with  the  National  Bureau  of  Standards  IBM  lOks,   which 
supersedes  SEACj,  show  that  the  principal  effect  of  the  error  was  to 
change  the  behavior  of  the  diverging  solutions  near  the  threshold  of 
stimulation^  apparently  by  introducing  a  spurious  saddle  point  into 
the  equations o  Other  re computations  by  the  70li  show  slight  quantita= 
tive  differences  from  the  SEAC  results. 

The  Berkeley  analog  computer  for  solving  the  H=H 
equations  is  now  in  operation^  and_ a  trouble-free  programming  circuit 
has  been  developed.  Solutions  of  the  "reduced"  H=H  equations ^  in  which 
one  or  more  of  the  conductance  variables  are  held  constant^  have 
provided  an  understanding  of  the  interaction  of  the  variables  in  the 
complete  system^  in  particularc,  threshold  behavior  near  a  moving  or 
phantom  saddle  point  and  the  conditions  under  which  an  action  potential 
with,  a  plateau  may  occur.  This  plateau  resembles  those  appearing  in  the 
action  potentials  of  heart  and  of  axons  treated  with  dnigSj,  and  suggests 
how  the  H=H  equations  may  be  modified  to  represent  these  phenomena. 
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Kie  H=K  equatiorss  ean  b©st  be  understood  as  consisting  of  two  sub= 
systems  3  one  with  the  raspidly  changing  variables  V  and  m^  which  produce 
threshold  behaidor  and  exeitatioHg  and  one  with  the  slowly  changing 
variables  n  and  ho  which  are  responsible  for  accommodation  and  recovery. 
The  isolated  (¥j,ia;  system  has  a  saddle  point  producing  threshold  behavior 
and  a  stable  excited  state »  Following  stimulationg  the  (n^  h)  system 
modifies  the  (V^  m)  system^  abolishing  the  stable  excited  state  and  the 
saddle  pointy  and  thus  brings  about  either  subthreshold  accommodation^ 
or  recovery  and  refractoriness 5  by  forcing  the  (V^  ra)  system  back  to  its 
stable  resting  state. 

Only  the  necessity  of  a  I'epair  to  one  computing  coii^jonent  is  now 
delaying  further  progress  on  the  complete  equations » 

With  the  use  of  the  small  Donner  analog  computer^  a  mathematical 
model- of  a  paaslifuted  iron  wire  in  sulfuric  acid  under  voltage  clarr^)  was 
developed^  based  on  two  variables  of  state j,  (pH  and  degree  of  passivation)  j, 
and.  successfully  .-represents,  the  current  oscillations  obtainable  experi= 
mentally o  This,  work  forros  a  first  step  in  establishing  a  quantitative 
mathematical -foundation  for  the  study  of  the  kinetics  of  more  con^licated 
iron  wire  system8.g-.in  partdcularj,  the  Ostwald=Lillie  model  of  nervej, 
which  because  of  their  complexity  have  xmtil  now  been  explained  only 
qualitatively  <, 

Significance  to  NINDB  Research g  The  increasing  number  of  comparisons 
between  the  broad  generalizations  of  electrophysiology  and  calculations 
based  upon  empirioal  differential  equations  of  normal  membrane  ion 
movements  are  continuing  to  be  so  satisfactory  as  to  encourage  the  assump= 
tion  that  these  movements  and  the  mechanisms  by  which  they  are  controlled 
are  a  fundaineatal  component  of  normal  and  pathological  nervous  processes  <, 

Prop-OS  .-d  Course  .of.  Projects  The  analog  computer  will  first  be  used  to 

solve  the  Hodgkin=Huxley  equations  over  a  broad  spectrum  of  physiologically 
important  conditions o  It  will  next  be  used  to  investigate  possible 
modifications  of  these  equations  to  extend  their  application  to  areas  into 
which  they  are  now  inadequate o  As  new  data  become  available ^  the  value  of 
alternative  analytical  fonns  and  the  physiological  significance  of  the 
effects  of  experimental  variables  will  receive  increasing  emphasis,, 
Recalculations  of  the  H=H  ordinary  differential  equations  representing 
propag.ated  action  potentials  will  be  continued  with  the  IBM  lOko 

A  preliminary  investigation  of  the  problem  of  solving  the  more 

comptlicated  partial  differential  equations  describing  the  initiation 
and  spread  of  a  propagated  imptilse  is  under  wayo 
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Cole^  Kenneth  S.  Membrane  Excitation  of  the  Hodgkin=Huxley  Axon  — 
Preliminary  Corrections.  Accepted  for  publication  in  the 
J,  Apple  Physiol. 5,  January ,  1958. 
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Project  Titles  Correlation  of  Acetylcholinesterase  iahibition  Spectrum 
With  Nerve  Action 

Principal  Investigators s  Moore^  J.  ¥,<,  Whitcorabj  Eo  R, 

Other  Investigators  Friess^  S«  L.  (NMRI) 


Man  Years § 

Totals 

1«2 

Professionals 

0.1^ 

Others 

Oo6 

Gooperati'ag  Units  Naval  Medical  Research  Institute 

Project  Descriptions 

Objectives  To  determine  the  presence  or  absence  of  a  correlation  between 

the  in  vitro  acetylcholinesterase  inhibition  spectrum  of  drugs  and 
their  blocking  action  on  the  nerve  inpulseo 

Methods  Employed? 

lo  Frog  Sciatic  Nerves  A  length  of  desheathed  frog  sciatic  nerve  is 
exposed  either  to  a  conventional  acetylcholinesterase  inhibitor 
or  to  one  of  a  serf-es  of  derivatives  of  ethylene  diamine  type 
compounds  with  selected  geometries  and  electron  distribution » 
Th©  time  course  and  extent  of  the  depression  of  the  A  fiber  action 
potential  and  the  change  of  its  conduction  time  are  compared 
with  the  ^  vitro  anticholinesterase  activity  of  the  agents, 

2o  Single  Fibers  A  single  node  of  the  toad  sciatic  nerve  is  isolated 
and  mounted  for  single  air  gap  recording  (Tasaki's  method)  <,  The 
node  is  stimixLated  directly  at  the  rate  of  l/sec.  The  time  course 
arid  amplitude  of  the  threshold  and  the  action  current  of  the  node 
are  studied  as  functions  of  concentration  and  pH  levels  of  the 
drag  solutiono 

Major  Findings s 

lo  Additional  experimental  results  were  obtained  which  substantiated 
the  earlier  indications  thats 

a«  There  is  no  correlation  between  the  in  vitro  ensjmiatic 
inhibition  and  the  depression  or  recove^"of  the  action 
potential  of  the  bullfrog  sciatic  nerve  for  a  series  of 
compounds  when  the  inhibitory  content  is  varied  by  a  factor 
of  nearly  a  thousandfold. 
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fe»  All  quaternary  soit5)oimds  tested  failed  to  block  in^julse 
propagation. 

e.  An  increase  of  the  concentra'tion  of  the  tertiary  form  of 

eserine  (by  increasing  the  total  concentration  and/or  the  pH 
leyel)  increased  the  effectiveness  in  blocking  the  impulse 

propagation. 

2o  One  of  the  acetylcholinesterase  inhibitors  |  (CH3)2  N=CHCH2=N''' 

was  TBSolred  and  its  optical  antipodes  tested  for  in  vitro  inhibitory 
strength.^  Relative  power  was  found  in  the  decreasing  sequences 
(*)c,  DL5  (=)  foMSo  In  contrast^  the  antipodes  and  DL=fomi  produce 
nearly  equivalent  attenuation  on  the  action  potential  of  the  bullfrog 
soiatie  nerve.,  with  the  (*)  form  displaying  an  essentially  irreversi- 
ble aetionj,  while  under  identical  conditions  the  effect  of  the  (-=) 
form  appeared  to  be  nearly  reversible. 

3.  The  experiments  on  the  effectiveness  of  eserine  at  various  concentra- 
tion and  pH  levels,  on  the  action  current  and  threshold  of  a  single 
node  ar«  welL  under  way^  but  the  data  are  not  yet  adequate  for  a 


Significance  to  WIWB   Researchs   These  studies  aid  in  evaluating  the  role 
of  acetylcholinesterase  in  nerve  functions  and  in  characterizing  the 
conditions  for  one  type  of  nerve  in^iulss.  blockade . 

Proposed  Course  of  Projects  To  continue  using  the  desheathed  frog  sciatic 
nerve  and  single  node  of  the  toad  fiber  as  means  for  studying  the  effec- 
tiveness of  T?mrioua.acetylcholineaterase_ inhibitors  on  the  nerve  iirqsulse 
in  an  atten^Dt  to  depict  the  role  of  acetylcholinesterase . 
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S.  Lo  FriesSi,  E,  R,  Whitcomb^  Bart  T.  Hogani,  and  P.  A.  French. 

The  Action  of  Some  Diamine  Optical.  Antipodes  on  Acetylcholinesterase 
Inhibition  and  on  Conduction  in  Desheathed  Bullfrog  Sciatic, 
Research  Report  NM  Q20  aoO.Ol.Qii^  Naval  Medical  Research  Institute. 
Nov.  6,  1957. 

Accepted  for  publication  in  Archives  of  Biochemistry  and  Biophysics, 
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Part  A. 

Project  Titles  Membrane  Potentials  of  a  Lobster  Giant  Axon, 
Principal  Investigators  Daltonj  Jo  C, 
Other  Investigators  Taylor <,  Ro  Eo 


Years  % 

Totals 

1,0 

Professionals 

0,9 

Others 

0.1 

Project  Descriptions 

Objectives  To  test  the  possibilities  of  the  lobster  giant  axon  as  a 
preparation  to  be  used  in  general  studies  of  ion  permeabilities ^ 
to  eonpar©  this  axon  with  other  nerve  preparations  which  have 
already  been  investigated^,  and  to  use  the  preparation  in  studies  of 
the  actions  of  certain  pharmacological  agents  with  special  reference 
to  membrane  oscillations  and  the  production  of  repetitive  activity* 

Methods  Employed s  Resting  potentials  and  spike  potentials  from  the 
lobster  giant  axon  are  obtained  by  means  of  an  intracellular  micro= 
electi^de  and  recorded  by  conventional  electrophysiological  instru= 
mentSe  A  circulation  and  cooling  system  permits  changes  in  ionic 
conposition  and  concentration^  and  the  admission  of  drugs. 
Electrical  stimulation  of  the  nerve  may  be  external  or  internal. 

Major  Findings g  Any  one  of  the  three  ^iant  axons  in  the  lobster 

circumoesophogeal  commissures  makes  a  rather  single 5,  hardy  prepara- 
tion for  the  present  investigations.  It  appears  to  have  good 
possibilities  for  further  experimentation  on  the  types  of  ionic 
problems  which  have  been  under  investigation  in  this  Laboratory. 

Additional  data  on  the  effects  of  varying  external  concentra- 
tions of  normally  occurring  cations  have  confirmed  the  results 
reported  for  1956,  They  have  also  led  to  the  conclusions  that  there 
is  no  obvious  choice  between  the  use  of  sea  water  and  Cole's  perfusion 
solution  for  the  normal  medium  and  that  the  dependence  of  the  resting 
potential  upon  the  external  potassium  concentration  is  not  adequately 
represented  by  the  Goldman  constant  field  equation. 

The  investigation  of  the  effect  of  various  other  agents  has  been 
continued  and  largely  concludedo  Ethyl  alcohol,  acetone  and  probably 
dioxane  cause  repetitive  activity^  a  slowed  return  of  the  spike 
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potential^  without  oscillations  g  towards  a  re-versibly  decreasing 
resting  potentialo  The  effects  of  ether  and  chloroform  were  similar 
except  that  am  apparent  inhibitory  action  usually  prevented  repeti= 
tive  aeti-sdtyo  The  action  of  veratridine  was  also  similar  but  not 
completely  reversible o  The  effects  of  procaine  were  a  linear 
function  of  the  amount  of  the  tertiary  form  over  the  pH  range  6<,5  to 
80 75  investigatedo  The  resting  potential  decreased  ana  the  action 
potential  decreased  and  lengthened  but  without  change  of  form  in  the 
late  phases o 

Some  preliminary  analyses  and  experiments  have  been  made  to 
explore  the  possibility  ©f  investigating  the  ionic  permeabilities  of 
the  lobster  axon  membrane  by  a  voltage  clanp  approach, 

Signiflcai^iEe  to  NINDB  ,researchg  These  investigations  are  one  aspect  of 
the  general  problems  of  ionic  permeabilities  which  are  under  investi- 
gation in  this  Laboratory^  andj  as  such^,  are  a  mode  of  attack  on  the 
underlying  questions  of  general  nerve  functione  They  are  useful  in 
providing  additional  evidence  both  of  the  common  features  and  of  the 
singularities  of  nerve  phenomena<,  They  have  a  deeper  significance 
in  that  they  present  a  possible  transition  between  the  ionic  perraea= 
bility  analysis  now  only  available  for  the  exotic  squid  axon  and  the 
neurological  problems  of  higher  animals  and  man» 

Proposed  Course  of  Projects  The  escploratory  work  on  the  lobster  axon  is 
largely  completed  and  has  been  discontinued  with  the  return  of  the 
principal  investigator  to  inactive  duty^  Some  more  detailed  work  on 
procaine  may  be  undertaken  and  as  new  techniques  can  be  developed  or 

present  procedures  miniaturi^ed|,  the  ionic  currents  in  the  lobster 
axon  membrane  will  be  determined  ==  to  be  tested  as  the  common 
underlying  basis  of  the  conventional  phenomena  now  being  investigated. 
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Dalton^  John  C,  Effects  of  External  ions  on  Membrane  Potentials  of 
A  Lobster  Giant  Axon,  Accepted  for  publication  in  J,  Gen,  Physiol., 
Jan,s  19^80 
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Project  Title?  Ionic  Permeabilities  of  Nodal  Membrane 

Principal  Investigators s  Change  Jo  J«j,  Moore^  J,  W<, 
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Project  Descriptions 

Objectives s  The  measurement  and  the  analysis  of  the  ionic  coii5)onents 
of  the  membrane  ctirrent  in  the  single  frog  node  to  atten^it  an 
interpretation  of  the  many  phenomena  characteristic  of  this  most 
useful  present  representative  of  medullated  nerve  fibers. 

Methods  En^loyeds  The  technique  and  equipment  as  developed  for  the 
measurement  and  control  of  potential  and  currents  in  squid  axon 
membrane  have  been  modified  for  use  with  the  isolated  frog  node. 

Major  Findings s  The  double  air  gap  frog  node  preparation  of  Tasaki 
was  not  found  to  be  as  reliable  and  reproducible  as  desirable  for 
this  work  and  a  singilified.  arrangement  of  somewhat  reduced  accuracy 
was  developed  for  use  with  the  more  consistently  successful  single 
air  gap  preparation.  Some  progress  had  been  mad^'onpthacppificipal 
problems  of  the  measurement  of  the  internode  resistance  and  the 
reduction  of  leakage  along  the  outside  of  internode  spanning  the  air 
gap  before  work  was  halted  by  the  transfer  of  a  principal  investigator, 

Sigrdfieance  to  NINDB  Research s  Medullated  nerve  fibers  are  such 
important  components  of  neurological  systems  that  it  is  not  only 
interesting  but  practically  iii5)ortant  to  know  if  =■-  and  if  sop  to 
what  extent  ==  the  concepts  and  information  now  available  only  for 
the  squid  axon  also  apply  to  the  nodal  membrane. 

Proposed  Course  of  Projects  Preliminary  results  in  this  and  other 
laboratories  have  added  emphasis  to  the  importance  and  feasibility 
of  this  project  and  work  on  it  should  be  resumed  when  possible. 
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Project  Title:   Mechanisms  of  Interaction  Between  Neurons  in 
the  Spinal  Cord 

Principal  Investigator:   Dr.  Karl  Frank 

Other  Investigators:   M.  G.  F.  Fuortes,  M.  Bennett,  J.  Sprague, 

W.  Paton,  M.  Becker  and  W.  Freygang 

Cooperating  Units:   This  project  has  been  carried  out  with 
the  cooperation  of  the  Ophthalmology  Branch  of  NINDB.   Dr. 
M.  G.  F.  Fuortes  has  devoted  considerable  time  to  the  work 
of  this  section.   The  University  of  Pennsylvania  Anatomy 
Department  has  supplied  Dr „  James  Sprague  for  a  period  of 
two  weeks  on  a  consultant  basis.   The  Royal  College  of 
Surgeons  in  London  has  granted  a  leave  of  absence  to  Dr . 
William  Paton  to  corroborate  on  a  phase  of  the  project  as  a 
visiting  scientist  from  December  10,  1957  to  March  9,  1958. 
Dr.  Michael  Bennett  has  devoted  four  months  of  his  time  to 
this  project  on  an  unofficial  basis  as  a  personal  guest. 

Man  Years 

Total:   7.25  Patient  Days:   None 

Professional:   2.75 
Other :   1 . 50 

Project  Description: 

Objectives:   The  broad  objective  of  this  main  project  of  the 
Spinal  Cord  Section  is  the  investigation  of  basic  mechanisms 
of  neuronal  interaction  of  the  central  nervous  system  operating 
in  the  spinal  cord.   Pursuit  of  this  objective  has  lead  to  the 
need  for  more  exact  information  regarding  the  electrical  proper- 
ties of  spinal  motoneurons  and  the  steps  by  which  their  action 
potentials  are  generated.   A  further  objective  is  the  elucidation 
of  chemical  transmitter  mechanisms  of  excitation  and  inhibition. 

Methods  Employed:   Intracellular  microelectrodes  are  used  to 
stimulate  and  record  from  single  nerve  cells.   Studies  of  excita- 
bility changes  during  rhythmic  activity  elicited  by  synaptic 
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depolarization  and  by  direct  depolarization  through  the 
microelectrode  reveal  subthreshold  cell  Meapbrane  cfeanges 
and  the  tiffie  course  of  accommodation ,   By  meaBS  of  concen- 
tric microelectrodes  the  ionic  composition  of  the  cyto- 
plasm and  of  the  immediate  e5?;tracelliilar  environment  can 
be  changed,  thas  revealing  changes  in  rhythmic  activity  and 
tfee  cJiemical  nature  of  excitation  and  ini?ifcitiono   Drags  are 
also  applied  ionophoretically  through  the  oiJter  concentric 
microelectrode  to  the  surface  of  a  single  cell  membrane » 

Major  FindingSo   (1)   Remote  inhibitions   It  has  besn  discovered 
that  in  addition  to  the  miechanism  of  direct  inhibition  elucidated 
by  Dr.  Eccles"  group  in  Australia  and  confirmed  in  this  labora- 
tory, there  is  another  mechanism  of  inhibition  apparently  wide- 
spread in  the  central  nervous  system o   This  new  type  of  inhibi- 
tion has  been  labeled  remote  inhibition  to  indicate  that  while 
it  is  able  to  block  synaptic  excitation,  it  produces  no  post- 
synaptic changes  at  or  near  the  microelectrode  when  delivered 
alone.   Two  hypotheses  have  been  presented  to  account  for  remote 
inhibirior:   it  may  be  either  presynaptic  blocking  of  the 
excitatory  volley  or  a  mechanism  like  direct  inhibition  acting 
far  out  on  the  dendrites.   If  the  latter  proves  to  be  correct, 
current  interpretation  of  the  monosynaptic  potential  must  be 
revised o   Mul'.iple  interneuronal  pathways  are  apparently 
involved  in  remote  inhibition^  yet  it  is  able  to  block  mono- 
synaptic excitation,,   (2)   Contralateral  inhibition  in  the 
lower  sacral  segments  of  the  cat's  spinal  cord  have  been 
shown  to  fee  by  direct  inhibition.   Th,e  arrival  of  the  inhibi- 
tory potential  at  the  inhibited  cell  occurs  0.6  msec,  la.ter 
than  the  excitatory  potential  if  the  two  stimali  are  delivered 
in  synchrony.   This  allows  just  enough  tiMe  for  the  inhibitory 
interneuron  proposed  by  the  Australian  gro^jip  and  again  confirms 
their  findings.   (3)   The  elucidation  of  repetitive  firing  and 
accommodation  through  excitability  studies  has  indicat&d  that 
acconsmodation  is  a  nearly  insignificant  factor  in  determining 
the  rate  of  firing.   The  time  course  of  refractoriness  of  cells 
following  single  and  multiple  responses  has  been  plotted  and 
is  shown  to  be  of  a  highly  complex  nature.   The  steady  frequency 
resyilting  from  depolarization  applied  thro^rgh  the  microelectrode 
shows  a  linear  relationship  with  the  applied  current  and  the 
c^irrent  intercept  passes  through  zero  rather  than  rheobase 
contrary  to  expectations. 

Significance  to  Neurological  Diseases  and  Blindness  Research: 
The  elucidation  of  such  neural  mechanisms  promotes  a  better 
understanding  of  both  the  normal  and  the  pathological  central 

nervous  system.   Drug  studies  on  transmitter  substances  may 
lead  to  new  ideas  in  neuropharmacelogy . 
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Proposed  Course  of  Project:   It  is  proposed  to  continue 
this  project  indefinitely  so  long  as  the  feeavj  i^rivestment 
made  in  these  techniqiises  contimues  to  yield  significant 
results o   Phases  planned  for  work  durisg  1958  include  a 
cooperative  study  with  a  neuropharmacologist^  Dr.  William 
Patom,  on  the  effects  of  drugs  and  inorganic  ions  on  single 
cells  using  the  concestric  microelectrode  techniques  which 
have  been  developed  in  this  section „   Preliminary  experiments 
with  Dr„  Freygang  have  explored  the  possibilitjr  of  extending 
his  studies  on  membrane  currents  recorded  by  extracellular 
electrodes  to  the  motor  horn  cells  of  the  spinal  cord.   Due 
to  their  large  size  and  relative  immobility,  these  cells  have 
provided  better  recordings  of  membrane  currents  which  confirm 
his  studies  on  cells  of  the  lateral  geniciiilate.   Concentric 
microelectrodes  have  been  used  to  record  these  membrane  currents 
simultaneously  with  typical  intracellular  potentials  demonstra- 
ting that  these  membrane  currents  apply  to  the  perikaryon  and 
support  Dro  Freygang's  suggestion  that  they  are  not  associated 
with  cell  injury o   Because  of  the  promise  of  these  preliminary- 
experiments,  a  continuation  of  this  work  is  contemplated  for 
1958  in  cooperatior.  with  Dr.  Freygang. 

The  role  of  dendrites  in  normal  and  remote  excitation 
and  inhibition  will  be  an  active  research  goal.   Three  new 
approaches  to  the  currently  unsuccessful  problem  of  identi- 
fication of  microelectrode  position  will  be  adopted,   Dr ,  Lele^, 
a  guest  worker  from  India^  will  study  techniques  in  this 
section  for  several  weeks.   Several  new  ideas  for  improvement 
of  single  cell  techniques  will  be  explored. 

Part  B  Included  Yes  x        No 
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Part  B;   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Fuortes,  M.  G.  F.,  Frank,  K.,  Becker,  Mary  C.   "Steps  in  the 
Production  of  Motoneuron  Spikes,"  J.  of  Gen.  Physiol.  40: 
No.  5,  735-752,  1957. 

Frank,  K.   The  Identification  and  Analysis  of  Single  Unit 
Activity  in  the  Central  Nervoms  System.   Amer .  Soc .  of  Physio- 
logy "Handbook  of  Physiology"  (in  press) . 

Honors  and  Awards  relating  to  this  subject: 

Invited  to  address  the  Gordon  Research  Conference  on  Medicinal 
Chemistry,  August  1957. 


Serial  No„  NINDB-NP-SC~2 
1 o   Lab  of  Neurophysiology 
2o   Spinal  Cord  Sectioa 
3o   Bethesda^  Maryland 
4„   New 
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Part  A, 


Project  Titles   Mecfeanism  of  Cerebellar  Inhibition  of  Single 
Spinal  Cord  Motoneurons 

Principal  Investigator:   Co  Terzuolo 

Other  Investigators  J   Dr „  Karl  Frank^  Mary  Becker 

Cooperating  Units:   Dr.  Terzuolo  used  the  facilities  of  this 

section  during  the  sunmer  while  on  a 
fellowship  with  the  Armj?^  Medical  School 
at  Walter  Reed  Hospital. 

Man  Years 
Total :   1 

Professional;   .50  Patient  Days:   None 

Other:  „ 50 

Project  Description: 

Objectives:   To  determine  the  mechandsni  of  cerebellar  inhibition 
in  the  spinal  cord.   It  had  been  suggested  that  this  type  of 
inhibition  acts  directly  on  the  motoneurons  inhibited,  but  a 
test  of  this  hypothesis  was  required. 

Methods  Employed:   Generally  the  same  as  tJaose  described  under 
Project  NINDB-NP-8  o   In  additionj,  trains  of  shocks  were  delivered 
through  metal  electrodes  in  the  cerebellum,  to  produce  the  spinal 
inhibition  under  study. 

Major  Findings:   The  one  outstanding  finding  from  this  project 
was  that  cerebellar  inhibition  does  not  act  directly  on  the 
inhibited  motoneurons^  but  rather  through  the  suppression  of 
interneuronal  background  excitation. 

Significance  to  Neurological  Diseases  and  Blindness  Research: 
This  work  is  a  further  elucidation  of  the  mechanisms  operating 
in  the  central  nervous  system.   A  knowledge  of  these  is  important 
to  the  systematic  pursuit  of  clinical  therapeutic  procedures. 

Proposed  Course  of  Project:   A  continuation  of  this  '^Jroject  is 
not  planned  for  the  Spinal  Cord  Section. 

Part  B  Included  Yes  No   x 
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Estimated  Obligations  for  FY  1958 

Total:  |78,3li7 

Direct:       60,000 

Reimbursement :  l8j3U7 


Individual  Projects  1  through  3 
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Part  A. 


Project  Title:   Analysis  of  the  raechanism  of  action 

potential  production  in  the  nerve  fiber. 


Principal  Investigator:   I.  Tasaki 

Other  Investigators:      C.  S,  Spyropoulos,  J,  Chang  and 

A,  Bak 

Cooperating  Units;        none 

Man  Years  (calendar  year  1957): 
Total:    2,75 
Professional:    1,0 
Other:    1,75 

Project  Description: 

Objectives:    The  purpose  of  this  investigation  is  to 
clarify  the  mechanism  whereby  action  potentials  are 
produced  in  various  excitable  tissues:   the  myelinated 
nerve  fiber^  the  vertebrate  skeletal  muscle  fiber, 
the  vertebrate  nerve  cell,  and  the  invertebrate  axons. 

Methods  Employed:    Depending  upon  the  type  of 
material  used  and  upon  the  type  of  measurements 
required,  one  of  the  following  methods  were  used. 
1.  Single  fiber  techniques  for  studying  the  properties 
of  the  vertebrate  myelinated  nerve  fiber,   2.   The 
method  of  using  multiple  intracellular  electrodes  for 
studying  the  action  potential  of  the  frog  skeletal 
muscle  fiber,   3,  The  method  of  multiple  intracellular 
electrodes  for  studying  the  response  of  the  squid  axon, 
4,  The  method  of  A,C,  impedance  measurement  and  the 
method  of  voltage  clamp  for  studying  the  conductance 
of  the  squid  axon  membrane  and  of  the  nodal  membrane 
of  the  frog  motor  nerve  fiber. 

Major  Findings:    In  the  period  between  January  to 
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April^  1957^  an  extensive  study  of  the  physiological 
properties  of  the  nodal  membrane  of  the  toad  myelinated 
fiber  was  carried  out  by  the  use  of  the  method  of 
voltage  clamping.   By  this  study  the  relationship 
between  the  membrane  current  under  voltage-clamp  and 
the  conventional  action  potential  was  clarified,   A 
new  phenomenon  was  discovered^  indicating  that  the 
nodal  membrane  can  undergo  under  voltage  clamp  rapid 
transitions  between  the  active  and  resting  states. 
During  the  period  between  June  and  September^  1957^ 
a  systematic  investigation  of  the  squid  axon  membrane 
under  voltage-clamp  was  carried  out.   The  oscillatory 
presence  of  membrane  currents  under  voltage-clamp  was 
established.   By  introducing  a  recording  microelectrode 
beneath  the  surface  of  the  axon  under  voltage=-clampj 
it  was  found  that,  when  the  potential  in  the  axis  of 
the  axoplasm  was  fixed  at  levels  between  15  and  35  mv 
above  the  resting  potential^  some  part  of  the  axon 
membrane  became  active  while  other  parts  of  the 
membrane  remained  in  the  resting  state.   This 
conclusion  was  confirmed  by  new  measurements  of  the 
membrane  conductance  under  voltage-clamp.   Based 
on  these  observations^  a  new  interpretation  of  the 
current-voltage  relationship  of  the  excitable  membrane 
under  voltage-clamp  was  advanced. 

Significance  to  Neurology  Research;    This  investigation 
is  expected  to  contribute  to  the  understanding  of 
the  normal  function  of  the  nervous  system. 

Proposed  Course  of  Project:    It  is  planned  to 
investigate  the  spatial  non-uniformity  of  the  squid 
axon  membrane  by  introducing  two  recording  micro- 
electrodes  in  different  parts  of  the  membrane  under 
voltage-clamp.   An  attempt  will  be  made  to  clarify 
the  position  of  the  membrane  capacity  relative  to 
the  e,m, f,  of  the  membrane,   A  measurement  of  the 
conductance  of  the  nodal  membrane  under  voltage  clamp    <*  ~' 
will  be  made  when  the  apparatus  to  cool  single  node 
preparations  down  to  about  5  C  is  completed.   It 
is  planned  that  the  study  of  impulse  conduction  along 
branching  fibers  be  continued  this  year. 

Part  B,  included     YesS 
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Part  B:    Honors^  Awards^  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Tasaki^  I,  and  Bak^  A,   "Oscillatory  membrane  currents 
of  squid  giant  axon  under  voltage-clamp'\   Science,, 
126:   696-697,  1957 „ 

Tasakij,  I„  and  Bak^  A.   "Current-voltage  relations  of 
single  node  of  ranvier  as  examined  by  the  voltage-clamp 
technique".   J.  Neurophysiol.  (to  appear  early  in  1958). 

Tasaki^  I.   Conduction  of  the  Nerve  Impulse.   Amer.  Soc. 
of  Physiology  "Handbook  of  Physiology"  (in  press). 

Tasakij,  I.   "Demonstration  of  'Abolition  of  Action 
Potentials'  and  'Subthreshold  Responses'  in  the 
cobalt  electrode  system."  Amer.  J.  Physiol. 
190:   575,  1957. 

Tasakij  I.   "Physiological  properties  of  the  myelin 
sheath  and  of  the  node  of  Ranvier"   (to  be  published 
in  a  book  entitled  "Progress  in  Neurobiology". 

Honors  and  Awards  relating  to  this  project: 

Dr.  Tasaki  was  invited  to  attend  a'^ymposium  on  "Myelin" 
sponsored  by  Dr.  Korey  and  Dr.  Nurnpurger. 

Dr.  Tasaki  was  appointed  a  member  of  the  Marine 
Biological  Laboratory,  Woods  Hole,  Mass. 


Serial  No.  NINDB  -  NP~ ES-2 

1,  Lab,  of  Neurophysiology 

2.  Special  Senses  Section 

3,  Marine  Biological  Lab.^ 
Woods  Hole^  Mass.  and 
Bethesda^  Maryland 

4.  Comb,  of  NINDB- NP5  and 
NINDB-NP6 
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Part  A. 


Project  Title:   The  chemistry  and  pharmacology  of 
neural  activity. 

Principal  Investigator:   C,  S.  Spyropoulos 

Other  Investigators:    I.  Tasaki^,  R.  Brady^  J.  Chang 

and  M.  E.  Ezzy. 

Cooperating  Units:   Laboratory  of  Neurochemistry^ 

NINDB  -  NC-3 

Man  Years  (calendar  year  1957): 
Total:    2..  16 
Professional:    0.66 
Other:    l,„b'-^.,.. 

Project  Description: 

Objectives:    Many  present-day  physiologists  hold  the 
view  that  the  process  of  action  potential  production 
may  be  a  purely  physical  phenomenon  and  all  the 
chemical  reactions  associated  with  nervous  activity 
may  take  place  in  the  phase  of  recovery  from  previous 
activity.   Experimental  studies  carried  out  in  this 
laboratory  cast  some  doubt  as  to  the  validity  of  this 
widely  accepted  view.   The  main  objective  of  this 
project  is  to  find  out  the  relationship  between 
biochemistry  of  the  nerve  and  the  process  of  action 
potential  production. 

Method  Employed:    The  method  of  intracellular  injection 
has  been  used  to  study  the  effects  of  various  chemicals 
upon  the  squid  giant  axon.   The  single  fiber  technique 
was  employed  to  investigate  the  mechanism  of  action 
of  various  drugs  upon  the  vertebrate  nerve  fiber.   It 
is  planned  to  investigate  whether  or  not  chemical 
reactions  in  the  nerve  fiber  can  be  detected  by 
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the  method  of  "electron  paramagnetic  resonance" 
spectroscopy. 

Major  Findings:    The  effects  upon  nerve  fiber 
activity  of  extracellular  and/or  intracellular 
application  of  a  large  number  (about  250)  of 
chemicals  were  studied.   These  chemicals  include 
(1)  most  classical  metabolic  inhibitors  (2)  many 
key  metabolites  (3)  metal  and  other  ions  (4)  agents 
affecting  osmotic  or  oncotic  pressure  or  pH 
(5)  enzymes  (6)  snake  venom  (7)  toxins  (8)  narcotics 
(9)  tranquillizers  (10)  hallucinogens  and  (11)  other 
neurologically  active  agents.   Properties  studied 
include  (1)  action  current  (2)  action  potential 
(3)  threshold  (4)  resting  potential  (5)  membrane 
properties  under  voltage-clamp  and  (6)  a. c„ -impedance. 
Briefly^  the  most  significant  findings  are  the 
following: 

(1)  further  support  was  rendered  our  classification 
of  all  drugs  and  other  chemicals  affecting  neural 
activity  into  (a)  those  reducing  the  amplitude  of  the 
response  markedly  and  affecting  the  duration  slightly 
(e,g.  alcohol^  cocaine^  low  Na) ^  (b)  those  increasing 
the  duration  markedly  and  affecting  the  amplitude  only 
slightly  (e.g,  heroine j,  sinomenine^  morphine^  metal  ions) 
and  (c)  those  producing  a  positive  after  potential  (e.g. 
veratrine  alkaloids^  low  Ca"f""^  and/or  low  Mg++)  . 

(2)  it  was  found  that  oxidizing  agents  with  a 
redox  potential  greater  than  -0.5  volts  induce  a 
repetitive  activity  which  may  last  for  as  long  as 

20  -  30  min.   The  points  of  interest  about  this  effect 
are  (a)  that  these  agents  are  effective  at  very  low 
concentrations  (1  -  2  x  10~^M)  and  (b)  that  the 
effective  concentration  for  different  agents  is 
approximately  the  same.   Oxidizing  agents  with  a 
E'-*<-0.5  volts  were  not  effective  ev'en  when  their 
concentration  was  increased  by  a  factor  of  100  or 
1000.   The  effective  oxidizing  agent  at  concentrations 
higher  than  the  threshold  concentration  produced 
immediate  reduction  in  amplitude  followed  by 
inexcitability .   We  interpret  these  experiments 
to  imply  that  a  redox  system  is  operative  in  the 
process  of  excitation  and  that  the  E°  of  the 
couple  of  this  system  is  around  -0.5  volts. 
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(3)  replacing  the  Ringer  surrounding  a  node  of 
Ranvier  with  Ringer  prepared  with  heavy  water  resulted 
in  a  15%  increase  of  the  duration  of  the  action  current. 
We  are  inclined  to  interpret  these  results  as 
indicating  that  water  is  involved  in  a  reaction 
participating  in  excitation.   It  is  a  rather  well 
known  chemical  technique  of  testing  whether  or  not 
water  is  a  reactant  in  a  particular  reaction^ 

to  replace  the  solvent  water  with  heavy  water  and  to 
measure  changes  in  the  rates  of  the  reaction.   The 
condition  in  which  the  rate  is  decreased  is  considered 
fairly  good  evidence  for  the  participation  of  water 
in  the  reaction.   The  direction  and  magnitude  of  the 
effect  of  heavy  water  upon  the  rate  of  a  chemical 
reaction  are  analogous  to  those  upon  the  rate  of  fall 
of  the  falling  phase  of  the  action  current. 

(4)  more  evidence  was  accrued  to  the  effect 
that  glycolysis^  the  TCA  cycle  and  acetylcholine  are 
not  implicated  in  the  immediate  process  of  excitation, 

(5)  a  number  of  tranquillizers  (e,g,  chloro- 
promazine)   hallucinogens  (e.g,  harmaline^  L,S,D, ) 
were  found  to  reduce  at  very  low  concentrations  the 
amplitude  of  the  action  current.   In  some  instances^ 
some  of  these  agents  were  effective  at  concentrations 
approximating  the  presumed  final  concentration  with 
in  vivo  effective  dosages.   These  experiments  suggest 
that  these  agents  may  "§e   readily  metabolized  or  bound 
in  vivo  or  that  they  may  not  pass  the  B-B  barrier 
easily.   Furthermore^  these  experiments  do  not 
justify  the  popular  practice  of  holding  the  synapse 
responsible  for  effects  involving  small  quantities 

of  an  agent, 

(6)  When  the  Ca"'"^  and/or  Mg"*"*"  surrounding  a 
nerve  fiber  were  reduced  a  long  lasting  "inside 
positive"  after-potential  could  be  demonstrated. 
This  together  with  other  evidence  obtained  from 
(1)  a,c,  impedance  measurements  (2)  voltage  clamp 
measurements  (3)  a  comparison  of  the  properties 
of  the  after  potential  and  (4)  a  comparison  of 
the  pattern  of  development  of  repetitive  activity^ 
have  led  to  the  view  that  low  Ca  and/or  low  Mg 
basically  have  the  same  effect  as  the  veratrine 
alkaloids. 
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(7)   many  metal  ions  (e.g„  N;^"^"^^'  Co"*"'^,  Be"^) 
at  very  low  if  not  trace  concentrations^  have  been 
found  to  convert  the  normal  triangularly  shaped 
response  of  the  node  of  Ranvier  into  a  more  or  less 
rectangularly  or  trapezoidly  shaped  response.   In 
configuration  this  response  is  similar  to  that  obtained 
by  a  number  of  other  agents  in  the  nerve  fiber  and  also 
similar  to  the  configuration  of  the  normal  response 
of  the  heart  muscle„   Other  similarities  between  the 
heart  response  and  the  rectangular  nerve  fiber  responses 
have  been  obtained  by  comparing  the  effects  of 
temperature  pressure  chemicals  and  polarization.   This 
study  upon  the  heart  muscle  is  a  continuation  and 
possibly  the  conclusion  of  a  study  previously  reported 
upon.   In  this  connection  also^  the  study  of  the 
relationship  between  temperature^  pressure  and  drugs 
has  for  the  time  being  been  brought  to  an  end.   This  too 
we  had  considered  as  another  indirect  method  of 
studying  reactions  associated  with  neural  activity. 

Significance  to  Neurology  Research:    This  investigation 
is  expected  to  contribute  to  the  understanding  of  the 
normal  function  of  the  nervous  system. 

Proposed  Course  of  Project: 


(1)  The  study  of  the  effects  upon  the  nerve  fiber 
of  chemicals  especially  of  oxidizing  and  reducing 
agents  will  be  continued.   If  it  prove  feasible^, 

the  effect  of  chemicals  will  also  be  studied  on 
synaptic  transmission  and  upon  the  activity  of  nerve 
cell  bodies  in  tissue  culture. 

(2)  The  study  of  the  chemistry  of  neural  activity 
has  to  this  date  been  indirect.   We  intend  in  the  next 
year  to  employ  a  more  direct  chemical  method^  namely 
that  of  "electron  paramagnetic  resonance"  and/or 
"nucleo  magnetic  resonance"  spectroscopy.   Theoretically, 
the  time  resolution  of  these  methods  is  high  enough 

to  record  any  changes  occuring  during  activity. 
However^  whether  or  not  in  practice  it  proves  feasible 
to  obtain  the  time  resolution  required  remains  to  be  seen. 
These  methods  are  considered  very  sensitive,  at  least 
very  sensitive  in  comparison  with  other  chemical  methods. 
Whether  or  not,  however,  they  are  sensitive  enough  or 
whether  or  not  they  are  sensitive  to  the  type  of  events 
occuring  during  excitation  also  remains  to  be  seen. 
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Part  B:    Honors^,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Spyropoulos,  C.S,,   "The  response  of  single  nerve  fibers 
at  different  hydrostatic  pressures".   Am,  J.  Physiol. 
189:   214,  1957, 

Spyropoulos,  C.S.   "The  effects  of  hydrostatic  pressure 
upon  the  normal  and  narcotized  nerve  fiber". 
J.  Gen.  Physiol.   40:   849,  1957. 

Honors  and  Awards  relating  to  this  project: 
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Part  A. 


Project  Title:    Investigation  oi  the  function  of 
the  cochlea, J. 

Principal  Investigator:   Ichiji  Tasaki 

Other  Investigators:   Constant ine  S,  Spyropoulos 

Cooperating  Units:    none 

Man  Years^  (calendar  year  1957): 
Total:    f:~' 
Professional:    .33 
Other:    ;^5 

Project  Description: 

Objectives:    This  investigation  is  to  clarify  the 
process  of  initiation  of  nerve  impulses  in  the 
cochlea  by  sound  stimuli. 

Methods  Employed:    The  following  methods  developed 
mainly  by  the  principal  investigator  were  employed: 
(1)  Method  of  introducing  microelectrodes  into  the 
cochleaj  and  (2)  method  of  injecting  chemicals  into 
the  cochlea. 

Major  Findings:    It  was  found  that  a  normal 
endolymphatic  potential  (approximately  80  mv  in 
the  endolymphatic  space  relative  to  the  prelymph) 
does  exist  in  waltzing  guinea  pigs  which  are  devoid 
of  hair  cells  in  the  cochlea.   This  finding  disproves 
the  view  that  the  sensory  cells  may  be  responsible 
for  generation  of  this  large  potential  in  the 
cochlea.   By  exposing  the  cellular  structures  in  the 
endolymphatic  space  of  the  guinea  pig;,  it  was  found 
that  the  surface  of  the  stria  vascularis  was  strongly 
positive  to  the  surface  of  the  sensory  cells 
covered  by  the  tectorial  membrane.   This  observation 
can  be  regarded  as  a  direct  proof  of  the  role  of 
the  stria  vascularis  in  generation  of  the  DC  potential, 
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Part  A.  Project  Description  (cont.)     Serial  No.  NINDB  -  NP-SS-3 

A  large  negative  potential  was  encountered  in  the 
space  between  the  basilar  membrane  and  the  reticular 
lamina. 

Significance  to  Neurology  ReseartCh:    This  investigation 
contributes  to  the  understanding  of  the  function 
of  the  normal  as  well  as  the  abnormal  ear. 

Proposed  Course  of  Project:    An  attempt  will  be  made 
to  examine  the  effect  of  carbon  monoxide  (CO) 
upon  the  endolynphatic  potential.   If  CO  gas  is 
found  to  inhibit  the  DC  potential^  the  effect  of 
strong  illumination  upon  the  CO-inhibition  will  be 
investigated. 
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Part  B:    Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Tasaki,  I.   "Hearing".   Ann.  Rev.  Physiol.  Vol.  19, 
1957. 

Honors  and  Awards  relating  to  this  project: 

Dr,  Tasaki  was  invited  to  attend  a  symposium  on 
hearing  at  the  International  Congress  of  Audiology, 
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Project  Title:   Biosynthesis  of  Sphingolipids 

Principal  Investigator:   Roscoe  Brady 

Other  Investigators:   None 

Cooperating  Units:   None 

Man  Years 

Total:   1.3 
Professional:   0.5 
Other:   0.8 

Project  Description: 

Project:   Investigation  of  the  formation  of  complex  cerebral  lipids 

containing  sphi:2gosine. 

Objectives:  To  elucidate  the  pathway  of  formation  of  sphingolipids 
and  to  determine  the  rate  of  turnover  and  metabolic  fate  of 
these  substances. 

Methods  employed:   With  the  use  of  new  techniques  developed  in  this 
laboratory  for  the  recovery  and  analysis  of  sphingolipids, 
experiments  have  been  conducted  with  C-^"*- labeled  materials 
on  the  biosynthesis  of  sphingosine,  the  basic  constituent 
of  complex  cerebral  lipids. 

Major  findings:   The  enzymatic  synthesis  of  sphingosine  has  been 
demonstrated  for  the  first  time  in  this  laboratory.   The 
appropriate  enzyme  system  has  been  obtained  from  rat  brain 
tissue,  and  the  nature  of  reaction  sequence  has  been 
characterized o   The  complexity  of  this  problem  is  indicated 
by  the  finding  that  eleven  cofactors  have  been  identified 
and  found  to  be  required  for  the  final  step  in  the  biosyn- 
thesis of  sphingosine. 

Significance  to  Neurological  Diseases  research;  The  description  of 
the  mechanism  of  sphingosine  formation  represents  an  impor- 
tant fundamental  contribution  for  all  investigations 

concerned  with  the  formation  of  complex  cerebral  lipids. 
Since  the  myelin  sheath  contains  a  large  amount  of  sphingo- 
lipids, future  research  dealing  with  the  process  of  myelin- 
ation  must  of  necessity  be  concerned  with  the  mechanism  of 
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'art  A.   Project  Description  (Continued): 

sphingosine  formation.   The  identification  of  the  enzymatic 
pathway  and  cofactors  required  may  be  of  considerable 
importance  for  therapeutic  attempts  to  reverse  the  process 
of  demyelination  which  occurs  in  conditions  such  as  multiple 
sclerosis.   Furthermore,  certain  lipodystrophies  such  as 
Niemann-Pick's  and  Tay-Sach's  diseases  are  manifested  by  an 
overabundance  of  sphingolipids.   Fundamental  research  on  the 
process  of  sphingosine  formation  may  be  of  importance  for 
attempts  to  ameliorate  such  metabolic  aberrations. 

Proposed  Course  of  Project;   Since  sphingolipids  from  the  central 
nervous  system  contain  both  sphingosine  and  dihydrosphingo- 
sine,  the  possibility  of  interconversion  of  these  materials 
will  be  investigated.   Should  it  be  impossible  to  demonstrate 

such  a  reaction,  it  may  be  that  the  biosynthesis  of  these 
materials  occurs  hj   separate  enzymatic  pathways  which  will  be 
subjected  to  individual  examination.   Furthermore,  the  fate 
of  sphingosine  will  be  studied  with  the  use  of  specifically- 
labeled  radioactive  sphingosine  which  will  be  prepared 
synthetically  if  the  appropriate  methods  become  available  or 
enzymatically  with  the  use  of  labeled  precursors. 
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?art  B;   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Brady,  R.  O.  and  Koval,  G.  J.   "Biosynthesis  of  Sphingosine  In 
Vitro".   J.  Am.    Chem.  Soc.   79;  2648-2649;  1957. 

Honors  and  Awards  relating  to  this  project? 
None. 
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Project  Title:   Determination  of  Enzsnnatic  Decarboxylation  in  Selected 
Microgram  samples  of  Brain  Tissue. 

Principal  Investigator:   Roscoe  Brady 

Other  Investigators:   Richard  Salvador,  Guest  Worker 

Cooperating  Units:   Dr.  Wayne  Albers,  Laboratory  of  Neuroanatomical 

Sciences,  NINDBo 

Man  Years: 

Total:   1.2 
Professional:   „2 
Other:   Guest  Worker  1.0 

Project  Description: 

Project:   Investigation  of  enzymatic  decarboxylation  of  glutamic  acidc 

Objectives:   To  learn  the  distribution  of  glutamic  decarboxylase  in 

specific  cells  and  areas  of  the  brain.   Further,  to  study  with 
ultra-microtechniques  the  metabolism  of  Y-amino-butyric  acid, 
the  product  of  the  decarboxylase  reaction. 

Methods  Employed:   A  new  ultramicroanalytical  technique  has  been 

successfully  developed  and  employed  to  estimate  the  specific 
distribution  of  glutamic  decarboxylase.   A  new  fluorimetric 

technique  for  estimating  the  enzymatic  transamination  of 
Y-amino  butyric  acid  has  been  developed. 

Major  Findings:   A  particularly  high  concentration  of  glutamic 

decarboxylase  has  been  found  in  certain  areas  of  the  midbrain, 
notably  in  the  substantia  nigra  and  red  nucleus.   Furthermore, 
glutamic  decarboxylase  is  localized  within  a  particular  area 
of  the  dorsal  horn  of  the  spinal  cord,  i.e.,  the  nucleus 
propriuSo   A  preliminary  report  of  this  finding  was  presented 
at  the  eighth  annual  meeting  of  The  Histochemical  Society  in 
Baltimore,  Maryland  on  April  15,  1957. 

Significance  to  Neurological  Diseases  Research:   The  increasing 

interest  in  the  neurophysiological  effects  of  7-amino  butyric 
acid,  particularly  with  regard  to  its  potential  role  as  a  regu- 
•  latory  substance  requires  an  elaboration  of  the  site  of  produc- 

tion of  this  material.   In  this  regard,  the  finding  of  the 


i 
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Project  Description  (Continued) 

highest  concentration  of  glutamic  decarboxylase  in  the 
reticular  formation  of  the  brain  stem  is  in  keeping  with  the 
known  functions  of  this  area  and  further  suggests  the  impor- 
tance of  Y-amino  butyric  acid  as  a  significant  neurochemical 
agent  for  certain  inhibitory  neurological  pathways. 

Proposed  course  of  Project;   The  enzjmiatic  transamination  of  y-amino 
butyric  acid  will  be  investigated  with  the  use  of  the  new 
technique  developed  in  these  laboratories.   Furthermore,  the 
metabolism  of  the  succinic  semialdehyde  formed  in  the  trans- 
aminase reaction  will  be  studied  to  assess  quantitatively  this 
alternate  metabolic  pathway  of  cerebral  metabolism. 
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Project  Title;   Intra-axonal  Injection  of  Biologically  Active  Materials. 

Principal  Investigator;   Roscoe  Brady 

Other  Investigators;   Ichiji  Tasaki  and  Constant ine  Spyropoulos 

Cooperating  Units;   Section  on  Special  Senses,  Laboratory  of  Neuro- 
physiology, NINDB   (NINDB-NP-2) . 

Man  Years; 
Total:   .2 
Professional;   .2 
Other; 

Project  Description; 

Project;   Investigation  of  the  effect  of  the  intra-axonal  injection 

of  certain  enzymes  and  metabolically  active  compounds  on  nerve 
conduction. 

Objectives;   We  wish  to  learn  the  nature  of  the  biochemical  reactions 
concerned  with  the  production  and  maintenance  of  the  resting 
potential  of  the  nerve  and  the  transmission  of  nerve  impulses. 

Methods  Employed;   With  the  use  of  an  improved  micro- injection 

technique,  the  intra-axonal  injection  of  certain  enzymes  and  a 
large  number  of  metabolically  active  chemicals  has  been  accom- 
plished.  Further  investigations  are  required  of  certain  of 
these  materials  applied  externally  to  desheathed  isolated 
single  nerve  fibers. 

Major  Findings;   A  large  number  of  biologically  active  compounds  were 
found  to  have  little  or  no  effect  upon  the  immediate  process 
of  nerve  conduction.   Certain  materials  with  sufficiently  high 
oxidation  potential  exhibited  profound  effects  upon  the 
excitability  of  the  squid  giant  axon.   In  addition,  certain 
transition  elements  such  as  nickel  and  cobalt  caused  a  marked 
prolongation  of  the  falling  phase  of  the  action  potential. 

Significance  to  Neurological  Diseases  Research;   These  studies  are 
particularly  significant  insofar  as  they  reveal  considerable 
information  about  the  nature  of  chemical  processes  which 
participate  in  the  phenomenon  of  nerve  excitability  as  well  as 
serve  to  exclude  a  number  of  other  materials  previously 
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postulated  to  be  concerned  with  the  conduction  process. 
Particularly  significant  is  the  finding  that  compounds  such  as 
benzoquinone,  which  can  readily  form  free  radicals,  will  when 
applied  to  the  nerve  fiber  in  proper  concentration,  cause 
repetitive  firing.   Not  only  are  the  redox  potentials  of  these 
materials  known  precisely,  but  also  the  exact  concentration 
which  produces  this  effect  upon  the  nerve  was  found  to  be 
constant  and  within  a  very  narrow  range.   We  believe  that  this 
information  contributes  much  to  indicate  the  qualitative  and 
quantitative  oxidation  state  of  the  axon  membrane  and  hence  is 
of  considerable  significance  for  the  elaboration  of  the  process 
of  nerve  conduction. 

Proposed  Course  of  Project;   Further  work  will  be  done  investigating 
the  effect  of  the  ions  of  transition  elements  and  certain 
organic  compounds  of  known  oxidation  reduction  potential. 
Among  the  materials  to  be  investigated  further  are  certain 
phenothiazine  derivatives  which  we  have  found  to  have  a 
profound  effect  on  conduction.   These  materials  are  of  partic- 
ular interest  at  this  time  in  view  of  the  widespread  psychia- 
tric use  of  thorazine,  a  member  of  this  class  of  compounds. 
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Project  Title:   Cerebroside  Metabolism 

Principal  Investigator:   Roscoe  Brady 

Other  Investigators:   None 

Cooperating  Units:   None 

Man  Years 

Total:   loO 
Professional:   .5 
Other:   .5 

Project  Description: 

Project:   Investigation  of  the  metabolism  of  cerebrosides. 

Objectives:   To  discover  the  rate  of  turnover  and  metabolic  disposi- 
tion of  cerebrosides o 

Methods  Employed:   Cerebrosides  have  been  subjected  to  tritiation  and 
the  metabolic  fate  of  these  radioactive  compounds  will  be 
investigated  _in  vivo  and  ^^n  vitro  using  a  procedure  developed 
in  this  laboratory  for  the  determination  of  tritiated  compounds 
in  biological  materials. 

Major  Findings:   This  project  is  an  outgrowth  of  a  major  research 

effort  of  this  laboratory  dealing  with  the  enzymatic  synthesis 
of  cerebrosides.   The  pathway  of  cerebroside  formation  has 
been  elucidated  using  an  enzyme  preparation  obtained  from  rat 
brain  tissue.   Of  particular  importance  is  the  finding  that 
the  incorporation  of  glucose  or  galactose  into  cerebrosides 
occurs  by  way  of  their  respective  uridine  nucleotide  deriva- 
tives.  The  formation  of  uridine  diphospho-galactose  in  brain 
tissue  occurs  by  way  of  a  complex  enzymatic  process,  and  the 
detailed  mechanism  of  this  reaction  sequence  has  been 
established. 

Significance  to  Neurological  Diseases  Research:   Cerebrosides  are 
important  constituents  of  brain  lipids  and  are  part  of  the 
myelin  sheath  of  nerves.   Hence,  the  knowledge  of  the  pathway 
of  cerebroside  formation  represents  a  significant  fundamental 
contribution  for  elaborating  the  nature  of  the  process  of 
myelin  formation.   Furthermore,  the  pathologic  condition  known 
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Project  Description  (Continued): 

as  Gaucher 's  disease  is  associated  with  an  abnormal  accumula- 
tion of  cerebrosides  in  the  spleen,  liver,  and  bone  marrow. 
It  is  hoped  that  an  understanding  of  the  enzymatic  mechanism 
of  cerebroside  formation  and  a  description  of  the  metabolic 
pathway  followed  by  such  compounds  will  allow  an  insight  into 
potential  therapeutic  agents  for  ameliorating  this  condition. 

Proposed  Course  of  Project;   The  fate  of  labeled  cerebrosides  will  be 
investigated  by  injecting  them  into  primates  and  by  attempting 
to  demonstrate  the  enzymatic  degradation  of  these  materials. 
Furthermore,  the  effect  of  certain  agents  of  potential  thera- 
peutic interest  such  as  2-deoxyglucose  or  6- deoxy glucose  will 
be  investigated  with  regard  to  their  ability  to  influence  the 
biosynthesis  of  cerebrosides. 


?art  B  Included     Yes   X     No 
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rt  B;   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Burton,  R.  M. ,  Sodd,  M.  A.,  and  Brady,  R.  0.   "Incorporation  of 
Galactose  into  Galactolipids  of  Brain  Tissue".   Federation  Proceedings 
26j  161;  1957. 

Honors  and  Awards  relating  to  this  project:   None. 
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Project  Title:   Biosynthesis  of  Ceramides 

Principal  Investigator:   Roscoe  Brady 

Other  Investigators:   None 

Cooperating  Units:   None 

Man  Years: 

Total:   1„0 
Professional:   „5 
Other :   . 5 

Project  Description: 

I   Project:   Investigation  of  the  enzymatic  formation  of  ceramides o 

Objectives:   To  discover  the  pathway  of  ceramide  formation  and  the 
nature  of  the  metabolic  fate  of  these  materials. 

Methods  Employed:   Suitable  ceraiaide  formation  will  then  be  studied  in 
the  appropriate  enzyme  preparation,  probably  with  the  use  of 
rat  brain  tissue  initially »   Analytical  procedures  for  the 
recovery  and  determination  of  ceramides  will  be  developed. 

Major  Findings:   The  project  will  be  initiated  in  1958. 

Significance  to  Neurological  Diseases  Research;   Ceramides  are  the 
common  component  of  cerebrosides,  gangliosides,  and  sphingo- 
myelin.  Since  these  materials  are  important  constituents  of 
the  myelin  sheath,  a  detailed  knowledge  of  the  biosynthetic 
pathway  of  ceramide  formation  and  metabolism  is  of  considerable 
potential  significance  for  investigations  dealing  with  nerve 
regeneration,  myelination,  and  lipodystrophic  conditions. 

Proposed  Course  of  Project:   When  the  requisite  analytical  methods 
have  been  perfected,  a  study  will  be  undertaken  to  establish 
the  appropriate  enzyme  system  for  ceramide  synthesis.   Following 
identification  of  the  enzymes  involved,  the  cofactors  required 
for  the  reaction  will  be  determined  and  the  nature  of  the 
enzymatic  process  will  be  elucidated. 
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Project  Title:   Biosynthesis  of  Aromatic  Compounds 

Principal  Investigator:   Roscoe  Brady 

Other  Investigators:   H,  Wo  Siegelman  and  S.  B.  Hendricks 

Cooperating  Units:   Plant  Physiology  Laboratory,  Pioneering  Research 

Group,  U,So  Department  of  Agriculture,  Beltsville,  Md, 


Man  Years 

Total:   0o2 
Professional 
Other :   0.1 


).l 


Project  Description: 
I 

Project;   Investigation  of  the  formation  of  aromatic  compounds. 

Objectives;   To  discover  the  enzymatic  pathway  of  formation  of 

aromatic  compounds  which  do  not  appear  to  arise  via  sedoheptu- 
lose  diphosphate. 

Methods  Employed;   The  enzymatic  synthesis  of  complex  aromatic 

molecules  will  be  investigated  using  standard  enzymological 
methods  as  well  as  radioactive  tracer  techniques. 

Major  Findings;   Recent  experiments  with  labeled  acetate  indicate  that 
the  biological  formation  of  compounds  containing  a  benzene  ring 
may  occur  by  a  pathway  other  than  via  sedoheptulose,  quinic, 
shikimic  acids,  etc. 

Significance  to  Neurological  Diseases  Research;   Experiments  performed 
in  collaboration  with  the  Section  on  Special  Senses  of  the 
Laboratory  of  Neurophysiology  (NINDB-NC3)  indicate  that  com- 
pounds such  as  quinone  or  catechol  have  a  profound  effect  upon 
nerve  conduction.   Furthermore,  a  naturally  occurring  benzo- 
quinone  has  recently  been  isolated  from  heart  muscle.   These 
findings  may  indicate  that  compounds  capable  of  free  radical 
formation  may  be  of  considerable  importance  for  the  general 
phenomenon  of  excitability.   We  wish  to  discover  the  enzymatic 
pathways  of  formation  of  such  compounds  because  of  their 
obvious  potential  neurophysiological  importance. 
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Project  Description  (Continued) 

Proposed  Course  of  Project;   The  investigation  of  the  most  satisfactory 
source  of  the  appropriate  enzyme  system  will  be  undertaken. 
When  the  most  satisfactory  tissue  has  been  determined,  an 
attempt  will  be  made  to  purify  the  enzyme  system  and  to  inves- 
tigate the  kinetics  and  stoichiometry  of  the  reaction. 
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Project  Title:   Metabolism  of  Inositol 

Principal  Investigator:   B.  W„  Agranoff 

Other  Investigators:   Roscoe  Brady 

Cooperating  Units:   None 

Man  Years 

Total:   1.1 
Professional:   „4 
Other:   .7 

Project  Description: 

Project:   Investigation  of  the  metabolism  of  inositol. 

Objectives:   To  learn  the  nature  of  the  biosynthetic  pathway  for  the 
formation  of  brain  diphosphoinositides. 

Methods  Employed:   A  method  for  the  determination  of  inositol  has  been 
developed  in  this  laboratory.   In  addition,  radioactive  inositol 
has  been  prepared.   The  metabolism  of  labeled  inositol  has  been 
investigated  in  whole  animals,  tissue  slices,  and  cell-free 
extracts  of  tissues. 

Major  Findings:   The  enzymatic  incorporation  of  inositol  into  inositol 
lipids  by  tissue  extracts  has  been  established.   This  incorpor- 
ation has  been  found  to  be  dependent  on  cytidine  nucleotides, 
and  magnesium  ion.   An  interrelationship  between  iaositol  and 
and  choline-containing  lipids  was  detected. 

Significance  to  Neurological  Diseases  Research:   The  discovery  that 
inositol  incorporation  into  lipid  is  dependent  on  cytidine 
nucleotide  is  of  significance  in  the  light  of  the  fact  that 
cytidine  nucleotides  seem,  to  be  required  by  the  perfused  brain. 
The  interrelationship  of  inositol  and  choline  lipids  may  be  of 
importance  in  the  mechanism  of  action  of  acetyl-choline  and 
nerve  conduction  in  general.   Furthermore,  since  the  inositol- 
containing  lipids  have  the  highest  turnover  rate  of  all  of  the 
brain  phospholipids,  a  study  of  the  metabolic  pathways  of  this 
I  material  is  of  particularly  great  importance. 

I' ■■•Proposed  Course  of  Project:   The  identification  of  the  inositol  lipid 
p  and  of  any  inositol-nucleotide  materials  which  may  be  active  in 

the  system  under  study  will  be  undertaken. 

rt  B  Included     Yes   X      No 
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rt  B;   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

Agranoff,  B.  W.,  Bradley,  R.  Mo,  and  Brady,  R.  0.   Role  of  Cytidine 
Nucleotides  in  the  Formation  of  Inositol-Containing  Lipid.   Biochimica 
Biophysica  Acta.   25;  445-446;  1957. 
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Project  Title:   Tritixim  Counting  Techniques 

Principal  Investigator:   B.  W.  Agranoff 

Other  Investigators:  None 

Cooperating  Units:   None 

Man  Years 

Total:   .6 
Professional:   .4 
Other  :   ,2 

Project  Description: 

Objectives:   To  develop  sensitive  methods  for  the  counting  of  tritium 
,  (radioactive  hydrogen)  compounds. 

Methods  Employed;   Liquid  and  solid  scintillation  counters  as  well  as 
gas  flow  Geiger  counters  have  been  employed  in  conjunction  with 
standard  biochemical  techniques  such  as  chromatography. 

Major  Findings:   The  tritium  gas  exchange  method  has  been  found  to  be 
applicable  for  preparing  a  considerable  number  of  materials  for 
biochemical  studies.   A  silica  vial  for  low  background  counting 
has  been  developed.   Lyophilization  and  hydrolysis  of  tissue 
fragments  has  been  used  successfully  for  the  solution  of  large 
quantities  of  organic  material  in  a  fashion  suitable  for 
tritium  determination. 

Significance  to  Neurological  Diseases  Research;   The  described 

techniques  make  it  possible  to  study  metabolites  and  drugs  by 
labelling  with  tritium  which  would  otherwise  be  extremely 
difficult  or  to  date  impossible  to  accomplish. 

Proposed  Course  of  Project:   It  is  hoped  that  a  scintillation  system 
for  counting  paper  chromatograms  containing  tritium  will  be 
developed.   This  system  would  greatly  improve  the  value  of  the 
tritiattion  system. 
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Publications  other  than  abstracts  from  thia  project: 

Agranoff ,  B.  W.   Silica  Vials  Improve  Low-Level  Counting,  Nucleonics; 
25;  1957. 

Agranoff,  B.  W.   Tritium  Counting  Techniques.   Northwestern  University 
Liquid  Scintillation  Counting  Symposium,  Pergamon  (in  press). 

Honors  and  Awards  relating  to  this  project:   None. 
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Publications  other  than  abstracts  from  this  project: 

Agranoff,  B.  W. ,  Bradley,  R.  M. ,  and  Axelrod,  J.   Estimation  and 
Urinary  Excretion  of  Meprobamate.   Proc.  Soc.  Exp.  Biol,  and  Medo 
96;  261-264;  1957. 

Honors  and  Awards  relating  to  this  project:   None. 
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Proj^ect  Title:   The  Relationship  of  Nucleotides  to  Lipid  Synthesis 

Principal  Investigator:   Robert  M.  Burton 

Other  Investigators:   None 

Cooperating  Units:   None 

Man  Years 
Total:   .; 
Professional :   .  ^  ". 
Other:   .  J 

Project  Description: 

Project;   Nucleotides  involved  in  the  synthesis  of  complex  lipids. 

Objectives;   Many  of  the  reactions  involved  in  th.e  synthesis  of  the 

complex  lipids  of  nervous  tissue  are  probably  mediated  by  enzyme 
systems  requiring  nucleotide  coenzymes  for  hydrogen  transfer, 
i.e.,  di-  and  tri-phosphopyridine  nucleotides  and  flavin  adenine 
dinucleotidej  as  well  as  coenzjrmes  required-  for  energy  transfer, 
i.e.,  adenosine  di-  and  tri-phosphates,  phosphate  esters  of  other 
purine  and  pyrimidine  bases,  and  coenzyme  A.   An  understanding 
of  the  relationship  of  these  nucleotide  coenzymes  to  complex 
lipid  synthesis  and  degradation  may  provide  a  valuable  clue  to 
metabolic  processes  of  the  central  nervous  system. 

Methods  Employed;   The  usual  enzsmiatic  techniques  employed  for  studying 
enzyme  systems  have  been  used,  i.e.,  spectrophotometry, 
manometry,  fluorimetry,  and  radioisotope- labeled  compounds. 

Major  Findings;   It  has  been  found  that  galactose  incorporation  into 
the  cerebroside  fraction  of  rat  brain  tissue  occurs  primarily 
during  the  second  and  third  week  post  partum.   Studies  have 
shown  that  the  pyridine  nucleotide  (PN)  concentration  and  the 
diphosphopyridine  nucleotidase  (DPNase)  activity  of  rat  brain 
tissues  increases  at  a  rapid  rate  during  this  period.   Following 
the  third  week,  the  concentration  of  PN  and  DPNase  was  found  to 
remain  relatively  constant.   The  PN  concentration  increased  two- 
fold during  this  period  when  computed  Qit  a  wet  tissue  weight 
basis,  while  the  DPNase  activity  showed  a  10- fold  increase. 
Nicotinamide  stimulated  in  vivo  synthesis  of  PN  was  slightly 
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irt  A.  Project  Description  (ContiBued) 

greater  in  the  25-day  old  rat  as  compared  to  the  8-day  old 
animal.  Jta  vitro  experiments  have  shown  that  various  pyridine 
derivatives,  including  3-acetyl  pyridine,  can  form  analogs  of 
PN  by  an  exchange  reaction  catalyzed  by  brain  DPNase.   We  have 
found  that  3-acetyl  pyridine  was  more  toxic  to  the  older  animal 
(25-day^  old)  than  to  the  yound  (8-day  old).   This  increase  in 
toxicity  may  possibly  be  related  to  the  higher  DPNase  activity 
in  the  brain  tissue  of  the  25-day  old  rat  and  tlaerefore  to  a 
greater  possibility  of  forming  a  PN  analog.   It  has  been  observed 
in  preliminary  experiments  that  reserpine  apparently  retards  the 
rate  of  nicotinamide  stimulated  in  vivo  synthesis  of  PN.   Even 
though  the  PN  synthesis  was  slowed,  a  higher  final  PN  level  was 
obtained  and  maintained  longer  with  reserpine-treated  mice  than 
with  vehicle- injected  controls. 

Significance  to  Neurological  Diseases  Research;  Studies  of  this  nature 
should  lead  to  an  understanding  of  the  metabolism  of  some  of  the 
cofactors  required  for  tlie  synthesis  of  complex  lipids  and  may 
lead,  therefore,  to  an  understanding  of  the  metabolic  lesion 
responsible  for  either  the  over-production  or  the  decreased  rate 
of  metabolism  of  these  lipids  in  various  nervous  disorders. 

Proposed  Coijrse  of  Project;   This  project  was  completed  in  March  1957. 
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Publications  other  than  abstracts  from  this  project: 

Burton,  R.  M.   The  Pyridine  Nucleotide  and  Diphosphopyridine 
Nucleotidase  levels  of  the  brain  of  young  Rats.   Journal  of 
Neurochemistry,  in  press. 

Honors  and  Awards  relating  to  this  project:   None 
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Project  Title:   Toxicity  of  Neurophysio logically  Active  Chemicals 

Principal  Investigator:   Robert  M.  Burton 

Other  Investigators:   Abraham  Goldin 

Cooperating  Units:   Laboratory  of  Chemical  Pharmacology,  National  Cancer 
|L  Institute. 

Man  Years 

Total:   ,  : 
Professional:   .LL 
Other:   .  : 

S  Project  Description: 

Project:   Mechanisms  involved  in  the  toxicity  of  neurophysiologically 
active  agents. 

Objectives:   The  mechanisms  through  which  neurophysiological  agents 

such  as  marsilid  and  reserpine  exert  their  toxic  properties  are 
unknown.   It  is  hoped  by  studying  the  relationships  of  these 
agents,  at  toxic  doses,  to  other  compounds  which  give  protective 
action,  that  some  of  the  underlying  biochemical  mechanisms  may 
be  elucidated.   These  relationships  will  serve,  thereby,  as  a 
guide  to  the  investigation  of  the  individual  enzyme  systems  that 
may  be  affected. 

Methods  Employed:   In  vitro  studies  will  be  carried  out  by  the 

techniques  and  methods  commonly  used  for  investigating  enzyme 
systems,  i.e.,  spectrophotometry,  manometry,  and  radio- isotopkc 
procedures.  _In  vivo  experiments  will  be  performed  by  classical 
pharmacological  techniques. 

jor  Findings;   Toxic  doses  of  reserpine  produced  a  depression  or 
stupor  in  mice  characterized  by  a  physical  state  resembling 
sleep,  with  failure  to  respond  to  stimuli  such  as  noise  and 
prodding.   The  mice  retained  their  righting-ref lex  which,  there- 
fore, distinguishes  the  reserpine-depressed  state  from  anesthesia. 
Under  similar  conditions,  chlorpromazine  and  pentobarbital 
produced  anesthesia,  ^-amphetamine,  d-deoxyepliedrine,  d- lysergic 
acid  diethylamide  (d-LSD) ,  and  d-lysergi\^  mono  ethyl  amide  (LAE) 
were  potent  analeptics  for  the  reversal -15f  reserpine-sedation. 
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l-amphetamlne,  J.- LSD,  and  2-bromo-d- lysergic  acid  diethylamide 
"^BOL-148)  showed  little  or  no  capacity  for  arousing  the 
reserpine-depressed  miceo   Dose-response  curves  were  obtained 
relating  the  duration  of  analeptic  action  to  the  amount  of  drug 
administered.   d-amphetamine,  d-deoxyephedrine,  and  d-LSD 
demonstrated  some  analeptic  activity  when  given  to  chlorpromazine 
treated  mice.   However,  these  mice  were  sluggish  in  contrast  to 
the  alert,  active  state  produced  with  the  reserpine-sedated 
micOo   None  of  these  analeptics  were  effective  when  administEred 
"to  pentobarbital-anesthesized  mice.   Both  d-LSD  and  BOL-148  were 
able  to  antagonize  the  property  of  serotonin  to  prolong 
barbiturate  anesthesia.   d-LSD,  but  not  B0L-148i,  was  able  to 
antagonize  the  prolongation  of  barbiturate  anesthesia  by 
reserpine.   The  results  suggest  that  the  action  of  reserpine  to 
produce  sedation  and  to  prolong  anesthesia  may  not  be  mediated 
via  serotonin.   Under  certain  conditions,  d-LSD,  itself,  has 
been  shown  to  be  able  to  prolong  barbiturate  anesthesia.   BOL- 
148  did  not  produce  an  increase  in  the  duration  of  pentobarbital 
anesthesia.   Pentobarbital  has  been  demonstrated  to  inhibit 
competitively  the  enzymatic  hydroxy lat ion  of  d-LSD  Jji  vitro. 

While  reserpine  has  been  shown  to  significantly  increase  the 
*)  survival- time  of  mice  with  acute  lymphoid  leukemia,  L1210,  it 

produces  a  severe  depression  of  the  mice.   A  stereo- isomer  of 
reserpine,  3-isoreserpine,  has  been  shown  to  be  equally  effective 
as  reserpine  when  used  to  treat  leukemic  mice.   Furthermore, 
3-isoreserpine  does  not  produce  the  profound  sedation  associated 
with  reserpine. 

It  has  been  shown  that  the  administration  of  large  doses  of 
nicotinamide  to  mice  results  in  large  increases  in  tissue 
diphosphopyridime  nucleotide  (DPN)  levels.   The  administration 
of  "tranquillizing" mgents,  such  as  reserpine  and  chlorpromazine, 
prior  to  the  nicotinamide  injection  results  in  the  concentration 
of  tissue  DPN  being  maintained  at  an  elevated  level  for  a 
prolonged  period  of  time.   A  survey  of  a  number  of  sirugs  showed 
that  of  the  drugs  tested,  only  the  reserpine-derivatives  and 
phenothiazine- derivatives  which  have  "tran'qulllizing"  properties 
will  maintain  the  high  DPN  concentration.   Other  agents  such  as 
meprobamate,  benactyzine,  pentobarbital,  and  ethanol  were 
ineffective  even  though  some  of  the  doses  employed  kept  the 
animals  in  a  comatose  state.   Preliminary  behavioral  evidence  in 
man  suggests  that  an  interaction  may  exist  between  chlorproma- 
zine and  nicotinamide. 

Significance  to  Neurological  Diseases  Research;   Studies  of  the  inter- 
rela1;ionships  that  exist  between  the  actions  of  drugs,  whether 
the  relationship  is  one  of  potentiating  the  action  of  another 
drug  or  of  protecting  the  organism  against  the  toxic  manifesta- 
tion of  certain  compounds,  may  prove  to  be  fruitful  for  obtaining 
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an  understandlmg  of  basic  physiological  aod  biochemical 
processes.  An   imderstandiffig  of  the  mechanism  of  action  of 
neurologically  active  drugs,  such  as  reserpine,  coiuld  give  an 
important  insight  to  the  funidameEital  biochemistry  involved  in 
neurological  diseases. 

Proposed  Cour s e  of  Pr o j ec t ;   This'  project  was  completed  im  Jiime  1957. 
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art  B;   Honors,  Awards,  and  Publications 

Publications  other  than  abstracts  from  this  project: 

i    Burtonj,  R.  M. ,  Kaplan,  N„  O.  ,  Goldim,  Ao ,  Leitenberg,  Mo,  Humphreys, 
S.  R.,  and  Sodd,  M.  A.   The  Effect  of  Reserpine  and  Promazine  on 
Liver  Diphosphopyridine  Nucleotide  Content  Following  the  AdmiEis- 
tration  of  Nicotinamide »   Science,  in  press » 

Goldin,  A.,  Burton,  R.  Mo j  Humphreys,  S.  Ro,  and  Venditti,  J.  M. 
Antileukemic  Action  of  Reserpine.   Science;  125;  156;  1957. 

Burton,  R.  M.   The  Analeptic  Action  of  Lysergic  Acid  Diethylamide  on 
Reserpine-Sedated  Mice.   Ann.  N.  Y.  Acad.  Sci.   66;  695;  1957. 

Burton,  R.  M. ,  Sodd,  M.  A. ,  and  Goldin,  A.   The  Analeptic  Action  of 
Lysergic  Acid  Diethylamide  and  d-Amphetamine  on  Reserpine-Sedated 
Mice.   Arch.  Int.  Pharmacodyn .  et  Therap .   in  press. 

Burton,  R.  M. ,  Sodd,  Mo  A.,  and  Goldin,  A.   Some  Effects  of  Lysergic 
Acid  Diethylamide  on   Barbiturate  Anesthesia.   Arch.  Int. 
Pharmacodyn.  et  Therap.   in  press. 

Goldin,  A.  and  Burton,  R.  M.   A  Review  of  Synergism  with  Reference 
to  Inhibition  and  Narcosis.   To  be  published  in  a  book  edited  by 
Dr.  So  Bessman,  "Consciousness  and  The  Chemical  Environment  of  The 
Brain." 

Honors  and  Awards  relating  to  this  project:   None. 
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Project  Title:   Visuo-Motor  Coordination  in  a  Lower  Vertebrate, 

Principal  lEvestigator :   Robert  B.  Livingston,  M.  D. 

Other  Investigators:   Magdolna  A.  Iranyi,  M„  D.,  and 

Donald  L.  Miller,  A. Bo 

Cooperating  Units:   D.  S.  National  Zoological  Park 

(Dr.  Theodore  H.  Reed). 


Patient  Days  (calendar  year  1957) 
None 


Man  Years  (calendar  year  1957) : 

Total:        1.3 

Professional:  1.1 
Other:        0,2 

Project  Description: 

Objectives:   The  immediate  objective  is  to  establish  the 
anatomical  pathways  lying  between  the  retina  and  the  eye-motor 
nuclei.   A  long  range  objective  is  to  discover,  using  a 
combination  of  anatomical  and  physiological  techniques,  how 
neural  mechanisms  can  account  for  perception  essential  to 
motor  coordination.   We  chose  a  lower  vertebrate  to  simplify 
the  circuits  involved.   In  the  Chameleon,  the  eye-motor 
nuclei  and  extraocular  muscles  appear  to  follow  the  usual 
vertebrate  anatomical  scheme  as  they  do  in  man;  nevertheless, 
the  Chameleon  possesses  a  more  extreme  degree  of  independence 
of  eye  movements  than  any  other  vertebrate.   Thus,  the 
Chameleon  provides  a  unique  and  favorable  example  for  the 
investigation  of  the  supra-nuclear  organization  necessary  to 
direct  the  gaze. 

Methods  Employed:   Fourteen  Chameleon  and  three  Anolis 
brains  were  cut  in  various  standard  planes  and  stained  with 
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the  usual  cell,  fiber,  myeliin  and  whole  cell  (Golgi)  stains. 
Five  additionial  brains  with  partial  or  complete  degeneration 
of  the  optic  tract  were  prepared  histologically.   Techniques 

were  established  for  testing  optico-kinetic  and  vestibular 
nystagmus.   A  cinematographic  analysis  of  visuo-motor  eye 
and  tongue  coordination  in  intact  and  one-eyed  animals  was 
completed. 

Major  Findings;   Optico-kinetic  nystagaius.   It  has  not 
been  possible  to  devise  a  target  of  moving  stripes  or  insects, 
etc.,  which  will  elicit  an  optico=kinetic  nystagmus  as  long  as 
the  animal  reHiaij^.s  stationary.   When  an  animal  is  slowly 
rotated,  a  nystagmus  occurs  that  has  a  quick  phase  in  the 
direction  of  rotation;  the  eyes  are  completely  independent 
as  to  direction  of  gaze  and  as  to  timing  of  the  quick  and 
slow  phases  of  the  S'.ystagmus.   There  is  no  after-nystagmus 
on  cessatio-n  of  such  slow  rotation. 

Rotatory  nystagmus  (vestibular) .   When  an  animal  is  rotated 
mor e""rapTdly ,  a  nystagmus  occurs  in  which  the  eyes  remain 
approximately  in  the  horizontal  plane  and  are  rhythmically 
linked  with  each  other,  showing  a  quick  phase  in  the  direction 
of  rotation  and  an  after-nystagmus  with  a  quick  phase  opposite 
to  the  direction  of  rotation.   These  animals  show  rather  rapid 
adaptation  to  rotational  nystagmus,  but  even  after  the  effects 
are  a.pparently  lost  they  can  be  enhanced  or  reinstated  by 
covering  one  or  both  eyelid  openings  with  an  opaque  "blinder." 

Anatomical  evidemce.   Our  anatomical  findings  essentially 
conTiriT' dat'a ~ combined  from  three  previous  authors  who  studied 
the  brain  of  the  Chameleon:   P.  Ramon  y  Cajal,  W.  M.  Shanklin, 
and  A.  Stefar^elli.   The  optic  chiasma  appears  to  be  entirely 
crossed.   Optic  tract  fibers  go  to  three  major  regions:   the 
optic  tegmental  nucleus,  nuclei  of  the  thalamus,  and  the  roof 
of  the  optic  lobe.   Xo  direct  optic  tract  fibers  reach  the 
rudimentary  cerebral  hemispheres.   The  optic  tegmental  nucleus 
projects  by  way  of  five  more  or  less  direct  pathways  to  reach 
the  three  eye=motor  nuclei.   Optic  tract  thalamic  projections 
appear  to  be  reprojected  onto  the  optic  lobe  on  the  contra- 
lateral as  well  as  the  sam.e  side.   Thus,  cells  residing  in 
each  optic  lobe  have  access  to  direct  visually  generated 
impulses  relating  to  the  contralateral  visual  fields,  and  to 
some  indirect  integrated  complex  presumably  involving  impulses 
from  both  visual  fields.   Axons  of  these  same  optic  lobe  cells 
are  directed  downward  into  the  brainstem.   By  means  of  this 
comparatively  simplified  circuit,  the  Chameleon  is  able, 
i)  to  follow  two  simultaneous  visual  targets  independently- 
one  with  each  eye,  ii)  to  coordinate  the  eyes  when  they  are 
both  directed  at  the  same  target,  and"  iii)  to  flick  their 
long  tongues  accurately  for  distances  greater  than  the  length 
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of  their  bodies  to  catch  insects  located  by  sight.   This 
accuracjf  appears  to  be  only  slightly  diminished  in  the  absence 
of  one  eye.   Although  there  appears  to  be  excellent  eye- 
tongue  coordination,  the  coordination  between  visual 
mechanisms  and  limb  movements  appears  to  be  far  less 
intimate. 

Significance  to  the  Program  of  the  Institute.   To  date, 
nobody  has  been"afore  to  provide  an  account  of  the  neuronal 

mechanisms  responsible  for  nystagmus,  much  less  for  those 
involved  iir.  visuo-motor  coordination.   A  successful 
analysis  of  the  circuitry  and  functional  integration  of 
sensory-aotor  coordination  in  a  lower  vertebrate  will 
provide  importaint  evidence  relating  to  the  much  more 
complex  but  in  marity  ways  analogous  mechanisms  in  the  human 
brain. 

Proposed  Course  of  Project.   Instrumentation  is  nearly 
completed  for  initialTing  physiological  studies  to  test  the 
functions  of  various  elements  along  the  pathways  between 
the  retina  and  the  eye-motor  and  hypoglossal  nuclei.   In 
the  course  of  determining  certain  of  the  physiological 
aspects,  it  will  be  necessary  to  search  out  further 
anatomical  details.  The  two  disciplines  will  be  pursued 
complementarily  to  each  other  in  this  problem. 
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